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STIMULATION DEAFNESS, COCHLEAR PATTERNS, 
AND SIGNIFICANCE OF ELECTRICAL 
RECORDING METHODS 


MERLE LAWRENCE, PH.D. 
Davip Wotsk, M.A. 
Rosert D. Burton, M.D. 


ANN ARBOR, MICHIGAN 


The organ of Corti, extending as a continuous structure from 
base to apex along the basilar membrane, vibrates in accordance with 
certain patterns, and the sensory cells, distorted because of the move- 
ment, give rise to an alternating-current potential the frequency of 
which corresponds to that of the driving vibration. This potential 
is believed to be responsible for the initiation of the nerve impulses 


that carry the information to the higher centers of the brain. 


The all-important structures in the inner ear are the sensory cells. 
All of the other inner-ear structures are there for one of two purposes: 
to provide a means for conveying the vibrations to the sensory cells 
or to furnish the proper environment for their metabolic processes 
and survival. Any interference with the normal activity of these sup- 
porting structures changes the capabilities of the sensory cells and 
causes an inner-ear or cochlear deafness. The direct result of condi- 


From the Physiological Acoustics Laboratory, Department of Otolaryngology 
and Institute of Industrial Health, School of Medicine, University of Michigan 
This investigation was supported in part by the Research and Development Division, 
Office of the Surgeon General, Department of the Army, Under Contract No. DA 
49-007-MD-634 and by funds for research in Human Resources, University of 
Michigan. 
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Fig. 1—Sweep-frequency audiograms following the indicated over 
stimulation. The lower audiogram was made to check the possibility that 
the sharp frequency notch an octave above the overstimulating frequency 
was not the result of fatigue for the higher frequencies as the low frequen 
cies were being swept through. 


tions that affect the sensory cells is a decrease in the magnitude of 
the alternating-current potential, and the final effect is a hearing loss 
as determined by an audiogram. 


In animal studies of inner-ear deafness, recording the cochlear 
potentials is the best method available for determining functional 
changes in the organ of Corti, and, to date, the type of inner-ear lesion 
studied most thoroughly by this method has been produced by over- 
stimulation. From this work, however, a disturbing observation has 
arisen: the audiometric measures of hearing loss for various frequen- 
cies do not conform with the electrical measures. Resolution of this 
problem is important for it may throw light on the locus of fre- 


quency-analysis properties of the ear, but, for the moment, the nature 
of the discrepancy is sufficiently abstruse to necessitate an examination 
of the conditions under which it arises. 





ee 




















STIMULATION DEAFNESS 


~ 


Whenever the human ear is stimulated by sound there is an 
immediate shift in sensitivity which can be measured by appropriate 
audiometric means. Whether it is temporary or permanent this char- 
acteristic elevation of the threshold represents a hearing loss, and 
because a hearing loss is a sign of malfunction somewhere in the audi- 
tory system it is quite important, from a clinical standpoint, that the 
locus of the abnormal condition be determined. 


Roughly, we can divide the auditory system into two areas where 
the changes responsible for the audiometric shift might occur: the 
organ of Corti and the acoustic-nerve pathways. Audiometric meas- 
ures, of course, represent the response of the entire auditory system 
while the results of the technique of recording the cochlear potentials 
represent the activity of all structures up to the point of generation 
of these potentials, which includes the sensory cells of the organ of 
Corti. Theoretically, a comparison of results from the two methods 
should help pinpoint the locus of abnormality. 


Figure 1 presents audiograms made with a sweep-frequency audi- 
ometer of a subject’s hearing immediately following the presentation 
of a 1000 cps tone at 122 db above .0002 dyne per sq cm for 7 min- 
utes. In the upper audiogram the frequency was swept from low to 
high. To obviate the possibility that the lower frequencies had fa- 
tigued the ear to higher frequencies, the subject’s ear was again stimu- 
lated with the same frequency and intensity one month later after 
full recovery had taken place, and a high-to-low sweep-frequency 
audiogram taken immediately afterwards. This is shown in the lower 
audiogram. With slight variation the same pattern shows up in both; 
the maximum threshold shift has not occurred at the frequency of 
stimulation but approximately one octave higher. This observation 
has been made before and does not really concern us here, but the fact 
that the shift is sharply notched 1s of interest. 


Figure 2 shows an electrical audiogram recorded from a guinea 
pig after the identical degree of stimulation: 7 minutes of 1000 cps 
at 122 db above .0002 dyne per sq cm. In this instance there is a 
generalized loss, greater for the middle frequencies than for the 
extreme lows and highs. Similar results have been shown before.' 
No specific frequency shift as shows up in the audiometric examina- 
tion of the human ear appears in this organ-of-Corti response. There 
are only two points of general similarity: the center frequencies suffer 
a greater loss than do the extreme lows and highs and the higher 
frequencies are hurt more than the lows. 


There are two possible explanations for the differences between 
Figures 1 and 2: the technique of recording the potentials may have 
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Fig. 2.—Electrical audiogram made by recording the cochlear potentials 
with a platinum-foil electrode on the round window and an indifferent 
electrode in the temporalis muscle. The curve shows the loss at various fre- 
quencies following overstimulation at a frequency (arrow) and _ intensity 
identical to that of Figure 1. 


characteristics that prevent the specific loss at some particular region 
of the organ of Corti from being recorded, or the picture of general 
loss could be more or less accurate indicating that sharp frequency 
loss seen audiometrically is the result of neural “interpretation” of 
what has happened along the basilar membrane. 


The recording of Figure 2 was made by means of a platinum-foil 
electrode on the round-window membrane and an indifferent elec- 
trode in the temporalis muscle. Appropriate associated electronic 
equipment was used to filter out the nerve action potentials. 


Both Davis" and Tasaki*® have maintained that such an electrode 
placement records from only the basal half of the basal turn of the 
cochlea and therefore, necessarily, shows a picture of generalized loss 
because the specific region of maximum damage is not in this basal 
region. They hold that the only way to examine the functional 
changes in the region of maximum loss is by placing in the supposed 
vicinity of this damage a pair of “differential” electrodes,’ one in 
the scala vestibuli and one in the scala tympani, with an appropriate 
associated electronic circuit that limits the electrical area to which 
the electrodes are sensitive to 1 to 3 mm of the organ of Corti. Their 
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conclusions, however, have ignored certain experiments of the past, 
and have been based upon the use of the differential-electrode tech- 
nique which, itself, has a sufficient number of inherent drawbacks to 
warrant a careful examination of these procedures. 


It is the primary purpose of the experiments to be described here 
to compare these techniques and to reveal just how accurate a picture 
the round-window electrode gives of organ-of-Corti activity. Sec- 
ondarily, the experiments have been designed to investigate, once 
again, the patterns of vibratory response along the basilar membrane, 
and to suggest the locus of the so-called “sharpening mechanism.” 


METHOD 


The techniques of recording the electrical potentials of the 
cochlea will be described specifically along with the individual experi- 
ments. In all instances the manner of stimulation remained the same. 


Each guinea pig, the animal used throughout, was deeply anes- 
thetized with an appropriate intraperitoneal dosage of a solution of 
diallylbarbituric acid with urethane. A _ postauricular incision was 
made and was extended ventrally around the angle of the mandible 
to a point just medial to and half way along the body of the mandible. 
The masseter and body of the mandible were cut through and the 
posterior portion removed, leaving the bulla and mastoid region ex- 
posed. The bone of the bulla and mastoid was removed with care 
that the tympanic ring was not broken thus exposing the round win- 
dow and entire length of the cochlea so that electrodes could be placed 
on the round window and various turns of the cochlea either sep- 
arately or simultaneously. 


The experiments were carried out in a sound-proof, electrically- 
shielded room. The sound was conducted to the animal’s ear through 
a hard rubber tube which was connected to a loud-speaker driver 
unit (W. E. 555) mounted outside the shield on the sound-proof 
room wall. The hard rubber tube was terminated by a smaller diam- 
eter one that was tied securely into the external auditory meatus of 
the guinea pig. A concentric probe tube attached to the face of a 
calibrated W. E. 640AA microphone monitored the sound pressure 
and was used to obtain the data from which the strength of the 
stimulating sound in dynes per sq cm was obtained. 


The electrical response picked up from the animal was fed into a 
Tektronix type 122 preamplifier used either with differential or 
single-ended input depending upon the type of electrode used. The 
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amplification of this unit was exactly 1000 times at all frequencies so 
the output read by means of a G. R. type 736-A wave analyzer could 
be expressed in terms of microvolts at the recording electrode. 


The wave analyzer acts as a selective voltmeter tunable to any 
frequency from 0 to 16,000 cps with a band width of six cycles. It 
achieves this selectivity by combining the output of a variable fre- 
quency oscillator with the incoming signal so that the sum of the two 
is always at 50,000 cps. This signal is passed through crystal filters, 
rectified and metered. By picking up the 50 ke signal immediately 
after the filters it is possible to utilize practically the entire 60 db 
range of the early analyzer stages. Amplifying this signal and send- 
ing it through a Sound Apparatus Company model SL-4 recorder 
the response from the animal can be monitored continuously with a 
usable range of 60 db. In addition to response-voltage measurements 
made at several frequencies in the usual way on the wave analyzer, 
the continuous-running response for different frequencies was made 
on the recorder while various alterations and types of electrodes were 
surgically introduced into the inner ear. 


The use of the limited-band-width wave analyzer eliminates any 
nerve-action potentials from the response as well as general interfer- 
ence arising from random body potentials of the animal. 


RESULTS 


In a normal inner ear sound vibrations set up along the basilar 
membrane a pattern of response the characteristics of which vary with 
frequency. These characteristics consist of differences in amplitude 
and phase of vibration of different regions along the membrane. The 
low frequencies vibrate maximally a broad region extending from the 
apical end of the basilar membrane. As the frequency is raised the 
region of most vigorous activity becomes narrower and the center 
of action moves toward the basal end. Such patterns have been 
viewed optically” and inferred from measurement of the cochlear 
potentials measured at the round window.® The areas of response to 
any frequency are conceded to be too broad for there to be any strict 
place of action for specific frequencies. Furthermore, although the 
region of maximum response moves toward the basal end with increas- 
ing frequencies, all tones apparently utilize, to some extent, the entire 
length of the organ of Corti; thus the regions for different frequencies 
overlap. As was pointed out by Wever and Lawrence’ and earlier 
by Wever,® the linear relationship between the cochlear response and 
stimulating sounds of increasing intensity requires the interpretation 
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that all tones activate all hair cells at all intensities, but not necessarily 
to an equal degree. As the stimulating tone is increased in intensity 
the region of maximum activity becomes broader and broader, the 
lows spreading down to the basal region and the highs on either 
side of their maximum. When the ear is overstimulated by a pure 
tone a relatively broad region of organ of Corti at and surrounding 
the area of maximum activity is damaged. Since responses to other 
tones also utilize this area it is to be expected that sensitivity to the 
other driving frequencies would also be lost. 


If a single electrode placed anywhere on the cochlea registers 
the electrical potentials from all hair cells in response to all frequencies 
the recordings should show a general loss. If a round window elec- 
trode records from only the basal half of the basal turn it should 
show a loss only if this region has been damaged. A pair of “‘differ- 
ential” electrodes that records from only a limited region should show 
a severe loss for the frequency producing the injury providing the 
electrodes could be placed precisely in the middle of the damaged area. 
This area may not be in exactly the same locus for different animals 
so it is not possible to be so precise in the electrode placement, a fact 
which constitutes the major drawback in the use of pairs of “differen- 
tial” electrodes. They also do not record the response outside their 
region of coverage and so do not indicate the activity which the stimu- 
lating tone, if strong enough, does activate. 


These considerations leave three questions which are the basis of 
the following experiments and must be answered before one can be 
certain the round-window electrode gives an accurate picture: 


1. Does the method of recording from a restricted area by means 
of a pair of “differential” electrodes give any information not in 
accord with the patterns of activity as interpreted from a round- 
window electrode? 


2. Do single electrodes placed in different regions of the cochlea 
present different patterns of loss than does the round-window elec- 
trode? 


3. From how much of the organ of Corti from base to apex does 
a round-window electrode record? 


Comparison of Responses Recorded from Paired “Differential” 
and from a Single Round-Window Electrode. The characteristic of 
a pair of electrodes that make them “differential” and thus restricted 
in their coverage is that any signal that arrives in phase at the two 
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Fig. 3.—Sensitivity curves indicating the amount of sound necessary at 
various frequencies to produce 10 microvolts of response in the cochlear 
potentials when recorded by two different techniques. 


pick-up points is electronically cancelled out. Only those signals 
that are more positive or negative at one electrode than at the other 
are recorded. If these two electrodes are inserted, for example, in the 
third turn of the guinea pig’s cochlea (there are approximately 4'/2 
turns) potentials that originate in the basal region will arrive at the 
pick-up points practically in phase and be cancelled out, thus the 
higher frequencies will not be recorded. This is the result reported by 
Tasaki, Davis and Legouix’ from which they concluded that the 
high tones do not utilize the more apical regions when intensity is 
increased. But in this experiment they did not measure potentials of 
less than about 10 microvolts in the apical turns. If the active region 
for high tones spreads more and more with increasing intensity as has 
been interpreted from round-window recording experiments one 
would expect there to be a small amount of potential produced from 
the hair cells in the restricted recording region of the “differential” 
electrodes in the third turn. 


Figure 3 shows the results of an experiment designed to find 
out how much sound is necessary at various frequencies to produce 
10 microvolts of response when recorded simultaneously on the same 


animal by the two techniques in question. At 200 cps the “‘differen- 
tial” electrodes require about 18 db less sound than does the round- 
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window electrode. This is to be expected because turn 3 is closer 
to the region of maximum activity for low frequencies than is the 
round window. At 1000 cps both types of electrodes require the same 
amount of sound. At higher frequencies the “differential” electrodes 
are extremely insensitive as compared with the round-window elec- 
trode but they do record a response. The round-window electrode 
is more sensitive because the region of activity is moving closer with 
increasing frequency. If the “differential” electrodes are pulled out 
of the cochlea and left in the open air, or are placed in some adjacent 
tissue nothing is recorded. One can conclude only that the pattern 
of response to the higher frequencies has actually spread to the third 
turn. This means it is possible for there to be a response to high 
tones even if the basal region were damaged providing the stimulus 


intensity is great enough. 


The above characterizes the relative sensitivity of the ear to 
various frequencies up to the point of generation of potentials. Fur- 
ther information is gained by studying the growth of electrical re- 
sponse as the stimulus intensity is increased. As the intensity of the 
tone is increased the magnitude of the response, as recorded by a 
round-window electrode, increases proportionally up to a point. This 
relationship at some particular high intensity then becomes nonlinear, 
the response only increasing a portion of that of the sound intensity 
increase. Finally a maximum is reached. A detailed discussion of 
this function is given in Wever and Lawrence.’ Presumably in the 
linear region all hair cells are responding linearly. As the stimulus 
intensity is increased further the region of organ of Corti undergoing 
the most vigorous action begins to fail in its ability to produce more 
response so the total potential increases are no longer proportional. 
Finally, an intensity is reached at which the hair cells in this region 
begin to give a diminished response which may just equal the output 
from adjacent hair cells (the maximum response) and finally exceed 


this output (the decreasing portion).” 


Since the round-window electrode records from all portions of 
the cochlea (or from the lower half of the basal turn?), it is impor- 
tant again to know if “differential” electrodes give any different pic- 
ture of these input-output functions not interpreted from recordings 


at the single basal position. 


Figure 4 shows intensity functions recorded for three different 
frequencies from two different animals. For each animal the round- 
window recording was made first, then the “differential” electrodes 
were placed in the scala tympani and scala vestibuli of the third turn, 
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Fig. 4.—Intensity functions at various frequencies showing the in- 
crease in cochlear potentials as sound input is raised (input-output func- 
tions) when recorded by two different techniques. For each frequency the 
round-window recording was made first, the turn III “differential’’ next, 
and then the round-window record repeated. For 287 cps and 7021 cps the 
repeat round-window recording was identical to the first, but for the 1000 
cps the repeat round-window recording fell below the differential-electrode 
recording indicating that the change in slope and. maximum of the differen- 
tial-electrode record is related to an injury produced by the electrode. For 
general sensitivity and intensity measures “differential” electrodes reveal no 
more than single electrodes and may introduce indeterminate factors. 


an intensity function taken, and, finally, the round-window record- 
ing repeated. The general form of the functions is the same for both 
methods. 


At 287 cps the intensity functions for both methods are prac- 
tically identical except that the turn three “differential” electrodes 
take less sound for a given response. This was also seen in Figure 3 
and indicates only that these electrodes are nearer the major source of 
the potentials. The departure from linearity and maximum occur at 
very nearly the same response level in both cases. When the round- 
window reading was repeated the response function fell on the same 
points as before. 


At 7021 cps the round-window electrode is the more sensitive 
as was seen in Figure 3. Here the value of sensitive recording is re- 
vealed. Practically the entire function recorded by the third turn 
“differential” electrodes is below 10 microvolts, but it is all a linear 
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function. The only portions above 10 microvolts are the nonlinear 
and maximum regions of the function. If nothing less than 10 
microvolts is recorded the impression could easily arise that “differen- 
tial” electrodes reveal that the third turn response to the high fre- 
quency is of a different form than that recorded at the round window. 
However, the response is just what would be expected from patterns 
of response revealed by round-window recording. Repeat of the 
round-window response after placement of the “differential” elec- 
trodes again fell on the same points. 


The round-window response to 1000 cps shows a normal function 
but the turn three “differential” electrode recording shows a different 
slope below 10 microvolts. In Figure 3 the turn three “differential” 
electrode and the round-window electrode were equally sensitive at 
1000 cps but in this figure at 10 microvolts they differ by about 
8 db. This suggests that the introduction of the “differential” elec- 
trodes in this animal produced some injury to the structures of the 
scala media, changing the sensitivity, the slope and the maximum. 
This was borne out by the fact that a repeat of the round-window 
response after the differential recording had been made revealed a 
response much smaller than previously. 


From these results of Figures 3 and 4 it can be concluded that 
the use of “differential” electrodes gives no more information than 
a round-window electrode and has in addition the following disad- 


vantages: 


a. The electrodes cannot be placed with certainty in the region of 
maximum organ of Corti activity for any particular frequency, and 
their placement is anatomically limited to only certain regions. 


b. Their placement may cause unknown injury producing a 
strange pattern of response that is entirely the result of this injury. 


c. No information is revealed concerning the activity of regions 
adjacent to the restricted-recording area of the electrodes. 


Comparison of Single Electrodes Placed in Different Regions of 
the Cochlea. As mentioned earlier the results of Figure 2 were record- 
ed through a platinum-foil electrode on the round-window membrane 
and an indifferent electrode in the temporalis muscle. Because of 
attenuation of the potentials as they pass through the fluids of the 
inner ear and because the pattern of activity shifts as the stimulating 
frequency changes, single electrodes at different distances from the 
base of the cochlea along the basilar membrane should favor the re- 
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Fig. 5.—Comparison of sensitivities for various frequencies as recorded 
by single electrodes at the base (b), second turn (m) and apex (a). Curves 
b/a and b/m represent the number of decibels by which the basal electrode 
is more sensitive than the other, i.e., how much less sound is required to 
produce a given response at one electrode position as compared with the 
other. Curves b’/a’ and b’/m’ represent the same sensitivity comparisons 
following overstimulation of the animals’ ears with 1000 cps at 122 db above 
-0002 dyne/cm? for 7 minutes. The basal electrode becomes relatively more 
sensitive but theré is no specific frequency shift. In graph C the differences 
in sensitivity before and after overstimulation are compared. Any differences 
in sensitivity at 1,000 cps revealed by the three electrode positions should 
show up as differences in these curves. b’/m‘ - b/m and b‘/a’ - b/a are 
practically identical. It is apparent that the general frequency loss follow- 
ing pure-tone overstimulation is not a characteristic of electrode position. 


sponse for different frequencies. The following experiments were 
carried out to determine this and the extent to which the general-loss 
audiogram of Figure 2 is affected by different single-electrode posi- 
tions. 

Four guinea pigs were prepared at separate times as described 
earlier. An indifferent electrode was placed in the temporalis muscle 
and three recording electrodes were placed at different distances from 
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the base of the cochlea. One electrode (b), a platinum-foil, was placed 
on the round-window membrane, a second, a steel needle, on the 
second turn (m), and a third, also a needle, as near the apex as pos- 


sible (a). 


The amount of sound necessary at 12 different frequencies (100, 
200, 300, 500, 700, 1000, 1500, 2000, 3000, 5000, 7000, and 10,000 
cps) to produce a constant response of 3 microvolts was first deter- 
mined. Because the bony wall of the cochlea reduces the magnitude 
of the response considerably the round-window electrode always re- 
quires much less sound at the various frequencies to produce 3 micro- 
volts than the other, needle, electrodes, and since the locus of activity 
as frequency is raised moves toward the base, this better round- 
window response becomes increasingly greater as the frequency gets 
higher. The amount of sound required at one of the needle-electrode 
positions can be subtracted from that at the round-window position 
and the amount by which the round-window electrode is better than 
the others for the different frequencies can be plotted. 


The results of the four animals were averaged and are plotted 
in Figure §. In graph A the line b/a represents the amount in db by 
which the round-window electrode (b) is better (requires less sound 
for 3 microvolts) than the apical electrode (a), and in graph B the 
line b/m represents the amount in db by which the round-window 
electrode is better than the middle electrode (m). These results are 
practically identical with others that have been published previously‘ 
and show the increasing advantages of the round-window electrode, 
as frequency is raised, over both the apical and middle electrodes. 


After these initial recordings were made the ears of the animals 
were stimulated with 122 db above .0002 dyne per sq cm for 7 min- 
utes as in Figures 1 and 2. Following this, 3 microvolt sensitivity 
curves for the different electrode positions were again taken. An 
injury caused by a specific frequency at a certain characteristic loca- 
tion should show up differently for different electrode positions. 
However, such a difference was not observed. In Figure 3, graph A, 
the line b’/a’ represents the amount in db by which the round window 
electrode (b’) is better than the apical electrode (a’) after over- 
stimulation, and in graph B the line b’/m’ represents the amount in db 
which the round-window electrode is better than the middle electrode 
(m‘). Still the round-window electrode takes less sound to produce 
the 3 microvolt curve than the other electrode positions except for the 
lower-most frequency where the difference is only about 3 to 4 db. 
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Fig. 6.—A reconstruction of the per cent of organ of Corti present 
(black area) after 56 days of recovery following overstimulation of a guinea 
pig’s ear by white noise at 136 db above .0002 dyne/cm* for 20 minutes. 
Extent of each cochlear turn is shown above and the per cent distance from 
the basal end shown below. Almost two-thirds of the basal turn was histo- 


logically normal. See electrical audiogram in Figure 7 


It is to be expected that if the 1000 cps overstimulation caused 
a localized damage to the organ of Corti at a specific point the elec- 
trode nearest the region of injury would show a sensitivity curve 
different than would the more remote electrodes. This should show 
up in the difference between the base-apical or base-middle electrode 
curves before and after the overstimulation. . The differences between 
these two sets of curves are plotted in graph C of Figure 3 and the 
resulting curves show a marked similarity. This indicates that the 
generalized loss following a pure-tone overstimulation is not a func- 
tion of electrode placement. A single electrode placed anywhere 
along the cochlea shows the same general loss for all frequencies. The 
general loss shown by a round-window electrode is then no argument 
in support of the contention that this placement records from only 
the basal half of the basal turn of the cochlea. 


The important question remains, then, as to how sensitive the 
round-window electrode is to changes in various parts of the cochlea. 
This can be studied by the destruction of particular parts of the 
organ of Corti by overstimulation or by actual surgical damage. 


Effect of Specific Lesions on Round-Window Recording. In the 
course of another experiment’’ several guinea pigs were stimulated 
with high levels of noise. After stimulation the animals were allowed 
to recover over a period of 56 days at which time they were perfused 
intravitally and sacrificed for histologic processing and microscopic 
study of the temporal bone. Many showed extensive loss of the organ 
of Corti for the upper turns with a perfectly normal appearing area 
in the basal turn extending to the very end of the base. 
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Fig. 7.—The loss in sensitivity to various frequencies following the indi 


cated injury and recovery for the same animal whose per cent organ of 
Corti present 1s shown in the preceding hizure. Because there is greater 
organ of Corti loss for the upper turns than for the basal, a greater loss for 
low frequencies than for the highs is to be expected. Obviously the round- 
window electrode by which this sensitivity shift was determined is recording 
potentials from the entire cochlea. 


Figure 6 is a linear plot of the amount of organ of Corti remain- 
ing in an animal used in the above experiment. The data was taken 
from a graphic reconstruction of the prepared serial sections with the 
black, filled-in area indicating the per cent organ of Corti present. 
Because it is common practice to plot frequency going from low to 
high as one proceeds to the right the linear plot has been made so 
that the basal end is to the right. It is at this end of the cochlea 
that the electrode is placed and where the high tones show the region 
of most vigorous activity. Obviously, with such extensive damage to 
the top three turns, one would expect considerable loss to the low fre- 
quencies. Of course, as intensity is raised for these frequencies more 
and more of the basal turn will be used, so sensitivity should not be 
lost completely. On the other hand, since the highs utilize the base 
for their region of maximum activity, there should be little loss of 
sensitivity, but since the response pattern for the high frequencies 
also spreads to the upper turns there should be some loss. 

If the round-window electrode records only from the lower half 


of the basal turn the electrical recording in this animal should appear 
normal. 





20 LAW RENCE-WOLSK-BURTON 








iY — ——— 
10 48 db SPL 287 C.P.S. RESPONSE GP 196t 
a Fas ig 9 Poa drilling SV, hole wamns 
‘oc - hy ” 
10 + 4 } 
M LE EFFE 
20-4 usc c 
e ‘ ; ' I min _ 2 mins 
w i ee 4g SM, hole made turns 3 4 cracked | 
= Bott} 
~~ is 
4 Py = ~T a an 
ry 2 V “J uy 
z 920 sensitivity run by 
w E 287 ¢ ps } 
” - 
. 7 nr 
° J 
z . —_ — 
” J mins 19 mins 
w = 
« “10 Jv 10000 C PS RESPONSE 
9 3rd sensitivity © basal turn destroyed 
} run Of start drilling into basal turn 
| 287 cps - >" y 
10 4 © 
: | 
= 


20 Ip 


; 
it 





| 
| 


20 mins 3 mins 32 mins 


Fig. 8.—A running-time record of the cochlear potentials as recorded 
by a round-window electrode while the ear was stimulated by a low-intensity 
287 cps tone. Surgical damage in various regions of the cochlea had the 
indicated effects. The sharp downward spikes are the result of attenuation 
in sound conduction produced by spontaneous muscle contraction. The 10,000 
cps record was made to check the recording for artifact; destruction of the 
basal turn eliminated the response. The periodic sensitivity runs are shown 


in Figure 9. 


In Figure 7 the amount of loss for the various frequencies pro- 
duced by the anatomic damage represented in the preceding figure 
and recorded by a round-window electrode is shown. Exactly the 
kind of loss is shown that would be predicted if the round-window 
recording reflects the pattern of activity over the entire length of the 
basilar membrane. For frequencies from 100 to 500 cps there is a 
loss of about 45 db while above those frequencies the loss is only 
around 20 db. 


The above experiment has the advantage of producing the dam- 
age to the organ of Corti from within so that the results are not con- 
founded by damage to other structures that might cause loss of intra- 
cochlear fluids. It is also possible to produce restricted regions of 
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damage to the organ of Corti by surgical means and record the 


response before any loss of fluid has caused secondary damage. 


In a very carefully performed investigation Walzl and Bordley'' 
did just this sort of experiment. Operating on the anesthetized cat 
with a binocular dissecting microscope, the bone over selected portions 
of the spiral ligament was removed with a small dental burr. The 
spiral ligament was loosened by light pressure with a blunt needle 
which damaged the organ of Corti in this restricted region. When 
this procedure was successful there was no rupture of either Reissner’s 
or the basilar membranes, no escape of endolymph, and no hemorrhage 
into the cochlear duct. Both before and after this experimental in- 
jury the cochlear responses, recorded by a single silver wire at the 
edge of the round window, were measured for a wide range of fre- 
quencies. Afterwards the animals were all prepared for histological 
study and graphic reconstructions made of each cochlea so that the 
locus of the experimental lesion could be accurately determined in 


terms of distance from the basal end of the basilar membrane. 


High tone losses were caused by basal lesions while low tone 
losses were caused by more apical ones. Extreme apical lesions when 
small did not affect sensitivity to weak sounds but when the damaged 
area was enlarged there was a general loss for all frequencies. When 
the injury was localized at a point about 66 per cent of the extent 
of the membrane above the basilar end there was produced a shift 
in sensitivity to 256 cps of about 20 db with more moderate losses up 
through 724 cps. Small local lesions produced slight losses to specific 
higher frequencies but larger areas of injury resulted in impairment 
of sensitivity to all tones above 512 cps. 


Whenever a specific frequency showed a loss of sensitivity be 
cause of a complete injury in a restricted area, the loss amounted only 
to about 10 or 20 db. More extensive injuries caused greater losses 
but also spread to adjacent frequencies. All tones apparently spread 
their region of activity over wider and wider areas as stimulating in- 


tensity is increased. 


We have repeated these experiments but with a somewhat differ- 
ent method of recording the responses. As described earlier the re 
sponse was recorded continuously on a moving chart with a recording 
intensity range of 60 db which means amplifier gain never had to be 
switched. 
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Fig. 9.—Shifts in 3 microvolt sensitivity produced by the surgical in- 
juries shown in the preceding figure. The solid-line curve is the second 
sensitivity run compared with the normal (zero line) made preceding the 
experiment. The injuries have affected sensitivity to the very low frequen- 
cies to a slightly greater degree than to the higher frequencies. The dashed- 
line curve is the third sensitivity run compared with the normal. Removal 
of turns 3 and 4 has seriously injured the low frequencies as well as decreased 
sensitivity to the highs. 


In the first experiment to be described an initial determination 
was made of the amount of sound necessary to produce 3 microvolts 
of response at 10 different frequencies. This served as a base line 
for the sensitivity measures made later. The running-time records 
then followed. 


In Figure 8 the continuously-recorded response to 287 cps is 
shown. The sound was first set at an intensity that gave the relatively 
low response of 10 microvolts. As indicated in the figure this required 
a sound pressure level 48 db above .0002 dyne per sq cm. While the 
response was being recorded a small hole was drilled in the scala vesti- 
buli of the third turn. One of the reasons for drilling a hole in the 
scala vestibuli was to see if the insertion of electrodes by this means 
had any particular effect upon responses of the cochlea. Obviously 
such a hole had no effect upon this low-frequency response. At the 
end of 14 minutes 56 seconds a second 3 microvolt sensitivity measure 
was made for the 10 frequencies. This is shown as the solid line in 
Figure 9. The overall response is somewhat erratic with no particular 
pattern of loss being revealed. 


The running-time record was then continued and as indicated 
in Figure 8 a hole was drilled in the scala media of the same turn. 
The instant the hole was made, which had the effect of destroying the 
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organ of Corti in this region, there was a loss of sensitivity amounting 
to about 10 db. Cracking off completely the third and fourth turns 
reduced the response another 5 db to a level of about 1.7 microvolts. 
At this time another sensitivity measure was made for the same 10 
frequencies and is shown as the dashed line in Figure 9. Now there 
is a loss of 20 to 30 db for the low frequencies up to 700 cps. Above 
this frequency there is gradually less loss until at 10,000 cps it 
amounts to about 3 db. 


It is obvious that the round-window electrode must be recording 
potentials from the organ of Corti at least through the third turn 
and that the third and fourth turns are necessary for maximum sensi- 
tivity of low tones up to at least 700 cps and that these turns contrib- 
ute something to the sensitivity of the cochlea to higher frequencies. 


In order to check that these effects were not the result of the 
electrode recording something other than the cochlear response, the 
response to 10,000 cps was taken as the running-time record continued 
for the next minute and a half with the electrode still in the same 
position. This frequency was used because it seemed to be the one 
least affected by the destructive procedure. While this record was 
being ‘made the basal turn was destroyed and the response dropped 
to the noise level of the amplifiers indicating that our electrode was 
not recording artifact. 


The above records were made at low-response levels with the 
region of vigorous activity of the basilar membrane small so that 
the limited lesion to the organ of Corti showcd a relatively great effect 
on sensitivity to certain frequencies. The next record was made at a 
higher-response level so that a greater spread of major activity along 
the basilar membrane would be involved. In this case small lesions 
should have a less noticeable effect. 


Again before proceeding with the running-time record a sensitiv- 
ity measure was made to serve as a base line for later such determina- 
tions. 


As shown in Figure 10 the response was set at 100 microvolts 
which required, at 287 cps, a sound pressure of 68 db above .0002 
dyne per sq cm. As the experiment proceeded drilling a hole in the 
scala media of the third turn with consequent injury to the organ of 
Corti had no effect nor did cracking of the fourth and part of the 
third turns. However, an injury to the sensory area in the second 
turn and breaking off the rest of the third turn reduced the response 
about 12 db, to a level of 25 microvolts. 
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Fig. 10.—A running-time record of the cochlear potentials as recorded 
by a round-window electrode while the ear was stimulated by a high inten- 
sity 287 cps tone. These results are to be compared with those of Figures 
8 and 9 in which a low intensity stimulus are used. Surgical damage in 
various regions of the cochlea had the indicated effect. Injury to turns 3 and 
4 has less effect when stimulus intensity is high. The 1,000 cps record was 
again made to check the recording for artifact; destruction of the basal 
turn eliminated the response. Note that the response scale is shifted begin- 


ning with the middle record. 
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Fig. 11.—Shifts in 3 microvolt sensitivity produced by the surgical 
injuries shown in Figure 10. The solid-line curve is the second sensitivity 


run compared with the normal (zero line) made preceding the experiment. 
Again, injury to the upper turns produces a greater loss for the lows than 
for the highs. The dashed curve is the third sensitivity run showing the 
general deterioration to all frequencies following the drastic surgical trauma. 


After removing the third turn a second sensitivity measure was 
made and is shown as the solid line in Figure 11. This again was 
a 3 microvolt measure and shows a greater loss for the low frequencies 
than for the highs. In order to show the general deterioration that 
follows such drastic damage to the cochlea a period of approximately 
10 minutes was allowed to elapse and another sensitivity run made. 
This latter is shown as the dashed line in Figure 11. The frequency 
characteristics have remained the same but the ear has lost sensitivity 


to all tones. 


In order to check again to make sure the electrode was recording 
the potentials from the cochlea during this severe damage to the 
third and fourth turn, a record of 1000 cps was made for several 
minutes and then a hole made in the basal turn damaging almost com- 
pletely the rest of the cochlea. The final record of Figure 10 shows 


the abolition of the response by this procedure. 


The two preceding experiments support the observation that 
a round-window electrode records from the entire cochlea. A further 
experiment involves destruction of various parts of the cochlea to 
find out what regions, and how much, of the organ of Corti is in- 
volved for various frequencies. The response to 1000 cps was next 
tested with the response level set to the relatively high level of 100 
microvolts as various portions of the cochlea were damaged. The 


running-time record is shown in Figure 12. 
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window electrode while the ear was stimulated by a high-intensity 1,000 cps tone. Sur 
gical damage in various regions of the cochlea had the indicated effect but the response 
is down only about 6 db with 1'4 basal turns left. Opening the basal turn eliminates 


the response The first, fourth, and fifth charts are records of 1,000 cps 








anarne: 


enor 


menpnnnerce 




















STIMULATION DEAFNESS 

Drilling a small hole through the scala media of the third turn, 
thus damaging the organ of Corti, and leaving the minute drill in 
the hole affected the response only about 2 db. Because 287 eps 
involves the third turn more vigorously than does 1000 cps the record- 
ing was switched to 287 cps and the drill subsequently removed and 
replaced to determine the effect of opening the hole. There is seen 
only slight effect which may be related to sound transmission within 
the cochlea rather than to the effect of damage. Damaging the region 
further produced no additional loss in response as the continuation of 
the record in the third chart shows. This is to be expected from the 
results shown in Figure 10 provided the sound intensity is high enough 
to produce a large response by extensive cochlear activity. 


In the fourth chart of Figure 12 further results are shown as 
the stimulus was switched back to 1000 cps. Breaking off all but 
1%, of the basal turns had a total effect of only about 6 db on this 
frequency which, nevertheless, means the magnitude of the potentials 
was cut in half. As the record continues in the fifth chart it is shown 
that drilling into the basal turn has a gradual effect until the basal 
turn in broken open, destroying just about all of the organ of Corti in 
this region. When this happens the response is abolished. 


Figure 13 shows the results of the same type of experiment using 
a frequency of 7000 cps. The response was set at 7 microvolts so that 
the region of major activity would be small. A hole in the sezla 
vestibuli of the third turn and breaking off the fourth turn have the 
just-detectable effect of about 1 db. Drilling a hole in the basal scala 
media about 4 mm from the basal end has the severe effect of nearly 
20 db. There is, however, a residuum of response as shown in the 
lower chart which can only arise from areas extending beyond the 
region of damage. This is abolished only by destroying the entire 
cochlea. 


COMMENT 


The series of experiments just described was designed to find out 
whether, following a 1000 cps pure-tone overstimulation, the picture 
of a general-sensitivity loss to all frequencies as determined by meas- 
ures of the electrical response of the cochlea was an accurate one or 
the result of the technique in which a round-window electrode is used. 
Two other questions have concerned us: if the electrical recording 
is accurate how can the discrepancy between this and audiometric 
measures be accounted for, and if the electrical recording really only 
reflects some characteristics of the round-window technique just what 
are the limitations of this technique? 
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Fig. 13.—A running-time record of the cochlear potentials as recorded 
by a round-window electrode while the ear was stimulated by a low-intensity 
7,000 cps tone. Surgical damage in various regions of the cochlea had the 
indicated effect. Removing the fourth turn had little influence on the re- 
sponse while a hole in the basal scala media reduced the response about 17 
db. The response to this frequency could be abolished only by destroying 
the entire basal turn. 


It is obvious from the results of the reported experiments that 
claims that a round-window electrode records only from the basal 
half of the basal turn are unfounded. Evidence that such a method 
of picking up potentials actually records from the entire cochlea can 
be found in many past experiments already referred to and these are 
completely substantiated by the histological evidence and running- 
time records during surgical destruction reported here. 


Use of intracochlear “differential” electrodes for the recording of 
overall frequency response only confuses the picture by recording 
from isolated areas of the organ of Corti whose position with respect 
to any region of damage is unknown. The insertion of such electrodes 
can also produce indeterminate damage which may alter both the 
low-level sensitivity and the response to higher intensities or either 
of these separately. The experiments described here show that this 
is so and that the “differential” electrodes give no more information 
than a round-window electrode. They do show differences in sensi- 


tivity in accordance with the frequency in use and position of elec- 
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trodes along the organ of Corti. These differences, however, are the 
same as shown by single electrodes and can be easily accounted for, 
but the property of recording from a limited area, as “differential” 
electrodes do, has a virtue in that the electrodes can and have been 
used* to confirm the mechanical patterns of response along the basilar 
membrane as pictured earlier both optically and electrically. 

We must conclude that the electrical measure of Figure 2 is 
accurate except that the low frequencies are progressively favored 
over the higher frequencies because of the position of the round- 
window electrode. Paired “differential” electrodes do not reveal a 
different picture because they cannot do so when they record from a 
limited region of only 1 to 3 mm of organ of Corti. Even several 
pairs in different turns can only be placed in certain locations because 
of the anatomical situation and so do not record all cochlear activity. 
Single electrodes placed in different turns favor the frequencies whose 
region of. major activity lies the closest, but such electrodes give no 
different electrical audiogram when this sensitivity difference is ac- 
counted for than does a round-window electrode. 


One of the reasons that the round-window electrode seems to 
record only from the basal turn is that it is in the basal turn that 
most of the action takes place. All tones are activating to some 
extent the sensory cells of the basal turn, and as intensity of the 
stimulating tone is increased this activity becomes more vigorous. 
Another fact, often overlooked, is that, as shown for the guinea pig 
in Figure 6, the basal turn contains between 40 and 50 per cent of the 
entire extent of the organ of Corti. 


In order to determine this figure more accurately the graphic 
plots of 36 separate guinea pig ears that were used in the study from 
which Figure 6 was taken were retabulated and averaged in terms of 
the per cent of organ of Corti found in each turn of the guinea pig 
cochlea. The following are the figures obtained: 


Basal turn 49% 
Turn II 22% 
Turn III 18% 
Turn IV 11% 


If all sensory cells were activiated equally and an electrode recorded 
the sum of their aroused potentials, the basal turn would account for 
almost 50 per cent of the maximum voltage output. In other words 
the top three turns could be destroyed and there would be a theoret- 
ical loss of only 6 db. It is apparently only at threshold levels that 
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Fig. 14.—A diagrammatic representation of the spread of response for 


a number of frequencies within the audible range. The density of the inking 
for any frequency indicates the relative degree of activity with the solid 
black denoting the region of greatest amplitude. These data were taken 
from experiments summarized by Wever.* Data on the spread of response 
were obtained from electrical recordings and surgical injury experiments; 
all tones utilize the entire basilar membrane to some extent. The data on 
per cent of basilar membrane in each turn, indicatd at the top of the figure, 
were obtained from histological reconstruction of 36 guinea-pig cuchleae. 
The basal turn includes 49 per cent of the entire length of basilar membrane. 
Per cent distance frem base to apex is plotted right-to-left because frequency 
increase is usually shown as progressing to the right. 


the upper turns become important because then, although the spread 
is still broad, the region of major action is small. At this level all 
sensory cells are not vibrated to an equal extent. 


To illustrate this a map of the region of organ of Corti activated 
maximally by certain tones together with an indication of the extent 
of spread of activity is shown in Figure 14. This map of activity was 
constructed from the data on experiments summarized by Wever,° 
and the percentage of organ of Corti in each turn is the data presented 
above. The black bars show the area of maximal activity for each 
frequency and the vertical bars show the spread of action: the denser 
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the number of bars the more vigorous the activity. It can be seen 
that frequencies above 500 cps all have some of their maximal activity 
region in the basal turn, and from the data of differential-electrode 
experiments and those on surgical destruction reported here, it would 
appear that the lower frequencies may spread into the basal turn more 
than indicated. 


An electrode at the basal end of the cochlea thus gives an accurate 
picture of the accurnulated activity where every tone uses the area 
occupied by the major activity region of others, and so a destruction 
of a certain region shows a loss to a broad band of frequencies. 


To account for the discrepancy then between Figure | and Figure 
2 we must search elsewhere than along the organ of Corti. The effect 
of sharpening the frequency of loss must be looked for in a more 
central process, starting with the way in which the neural system 
“interprets” the pattern along the basilar membrane. And it would 
appear that Békésy’* has provided the inchoate idea in his recent 
magnificent discussion of “funneling” in the nervous system. The 
so-called sharpening mechanism for frequency analysis does not lie on 
the basilar membrane nor in the nerve but in the interaction of the 
two. The initiating processes of this must be looked for in the diffuse 
innervation of the organ of Corti. 


We see one consequence of this process in Figure 1 where the 
threshold shift has occurred at a frequency approximately one octave 
above the stimulating frequency. This may well be the indication 
that the organ of Corti has been affected at these high levels of stimu- 
lation because, as has been pointed out before,’* the threshold shift, 
temporarily produced by low intensity levels, shows up audiometric- 
ally at the stimulating frequency but does not show up at all in the 
cochlear potentials. This neural “interpretation” of organ-of-Corti 
damage may also account for the so-called 4096 dip usually seen as the 
first sign of a noise-induced hearing loss. Figure 14 shows 2000 cps 
to have its region of maximum activity centered at the 50 per cent 
point along the basilar membrane. This indicates that the area is in 
constant use to some extent by all frequencies throughout the audible 
spectrum. A gradual deterioration of the organ of Corti in this 
2000 cps region would register audiometrically as a hearing loss at 
4000 cps. 


SUMMARY 


1. The question has been raised in this report as to why, after 
overstimulation of the human ear with a 1000 cps pure tone, the 
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threshold shift should show a sharp frequency loss an octave above 
the stimulating frequency, whereas when a guinea pig ear is over- 
stimulated with the identical level and duration of a pure tone the 
electrical responses of the cochlea show a general loss to all fre- 
quencies. Two possibilities are suggested: the sharp frequency shift 
shown audiometrically is the result of neural “interpretation” of 
organ-of-Corti damage, or the general-frequency loss seen in electrical 
recording from the cochlea of an experimental animal is an artifact 
of the recording technique. The investigations reported here have 
centered around this latter point to find out whether such electrical 
recordings are accurate. 


2. Three recording techniques are studied and compared: paired 
“differential” electrodes, single electrodes, and a round-window foil 
electrode. It is concluded that: 


a. Paired “differential” electrodes do not present any clearer 
picture of cochlear response loss after overstimulation 
than does a round-window electrode for the following 


reasons: 


1. They cannot be placed with certainty in the region of 
maximum organ-of-Corti activity for any particular 
frequency and their placement is anatomically lim- 


ited to only certain regions. 


2. Their placement may cause unknown injury produc- 
ing a strange pattern of response that is entirely the 
result of this injury. This is particularly true at the 
higher-intensity levels where the injury may change 
the slope of the input-output function or lower the 
maximum. 


3. No information is revealed concerning the activity of 
regions adjacent to the restricted recording area of 


electrodes. 


b. By comparing single electrodes placed in different turns 
and by selective destruction of regions of the organ of 
Corti it is shown that a round-window foil electrode re- 
cords potentials arising over the entire length of cochlea 
but, because of the electrical attenuation within the 
fluids, records weaker apical responses than basal ones. 
This, however, is a graded attenuation, can be predicted, 
and does not change the general frequency loss pattern 


of the electrical response. 
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3. Following a pure-tone overstimulation the discrepancy be- 
tween the sharp frequency shift revealed audiometrically and the 
broad general frequency loss shown by electrical recording is real and 
not a result of technique. 


4. From these experimental observations it is apparent that the 
sharp frequency analysis in the hearing process does not occur on 
the basilar membrane nor strictly in the auditory nerve system but 
in an interaction of the two. It is to be looked for in the way the 
diffuse innervation of the sensory cells “interprets” the characteristic 


broad responses along the extent of organ of Corti. 
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POSSIBILITIES FOR THERAPY 
WITH ENZYMES 


Sot SHERRY, M.D. 


Sr. Louis, Mo. 


The use of enzymes as therapeutic agents is a relatively new 
development although the concept is quite old. Robert Morris, a 
New York surgeon, wrote the following in the N. Y. Medical Journal 
of 1891:' “Something more than peroxide of hydrogen is wanted 
for managing the abscess cavities of tuberculous bone disease to our 
entire satisfaction. It is true that with hydrogen peroxide at hand 
we can open the biggest of cold abscesses in a feeling of security for 
the patient, and yet it is desirable to get the tough lining membrane 
of fibrinous lymph and the loose coagula and the sloughing diseased 
tissues out of the way as thoroughly as possible, for once these sub- 
stances have begun to seethe in fermentative processes, we are hard 
pressed to keep the patient out of trouble. 


“The sharp spoon and scissors will do the work, to be sure, but 
only after tedious labor and egregious wounding of the weak patient.” 


Morris then went on to describe how he used acidified solutions 
of pepsin, and neutral solutions of pancreatic enzymes in the treat- 
ment of tuberculous abscesses, and suggested that this type of therapy 
deserved further study. Despite occasional flurries of interest in the 
use of enzymes over the next half century, the modern era of en- 
zymatic therapy has its origin in the period immediately following 
World War II, and stems from two entirely unrelated areas of interest, 
namely, the nature of the spreading factor in tissues, and a study of 
the enzymes elaborated by hemolytic streptococci. The successful 
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introduction of hyaluronidase to enhance absorption from the con- 
nective tissues, and of fibrinolytic and nucleolytic enzymes as local 
enzymatic debriding agents, can be attributed in each case to a well 
founded developmental approach utilizing basic knowledge and em- 
ploying appropriate quantitative and qualitative techniques to demon- 
strate the effects. 


It was my great fortune to participate in the developmental 
work which led to the introduction of fibrinolysins and desoxyribonu- 
cleases, and the telling of that story will serve as a background for 
my future remarks. 


The story behind the use of fibrinolysins goes back to 1933, 
when Dr. William S. Tillett made a very interesting observation. He 
was concerned with the effect of plasma on the agglutination of 
hemolytic streptococci, and traced this agglutinating phenomenon to 
the fibrinogen fraction of plasma.* Tillett then postulated that if 
plasma were incubated with a culture of hemolytic streptococci, the 
agglutination of the organisms might remove sufficient fibrinogen to 
prevent the plasma from subsequent clotting. His results were totally 
unexpected; the plasma in the presence of the culture of hemolytic 
streptococci clotted in a perfectly normal fashion but then the clot, 
surprisingly, rapidly dissolved. Tillett then demonstrated that there 
was a clot lysing principle in streptococcal culture filtrates,* appar- 
ently produced as a product of the organism’s metabolism. He 
termed the substance, streptococcal fibrinolysin since it was quite 
obvious that the lysis of the plasma clots was occurring as a result 
of the enzymatic dissolution of fibrin. In 1940, Milstone working 
in Tillett’s laboratory, made another interesting observation.’ Mil- 
stone demonstrated that streptococcal fibrinolysin alone was incapable 
of dissolving fibrin but required the presence of a human serum 
globulin for fibrinolysis to proceed. 


Shortly after Milstone’s observation, Christensen,” working first 
with Tillett and then with McLeod, elucidated a tenable hypothesis 
of the workings of this fibrinolytic enzyme system (Fig. 1). Chris- 
tensen pointed out that Milstone’s serum globulin was in reality a 
naturally occurring inactive precursor of a proteolytic enzyme capa- 
ble of digesting fibrin. This inactive precursor, termed plasminogen 
or profibrinolysin, was slowly spontaneously converted to the active 
enzyme, termed plasmin or fibrinolysin. Chloroform could be shown 
to accelerate the appearance of plasmin by removing inhibitors, but 
streptococcal fibrinolysin was unique in its ability to convert plasmin- 
ogen to plasmin at a very rapid rate. Because of the enzymatic nature 
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Fig. 1.—Schematic representation of fibrinolytic enzyme system of 
plasma. (Reprinted from Sherry, et al., Trans. Ass. Amer. Physicians 52: 
288, 1957) 


of the activation of plasminogen by streptococcal fibrinolysin, the 
latter was felt to be an activator or a kinase and was renamed strepto- 
kinase. Christensen in elucidating the components of this serum 
fibrinolytic enzyme system, had been forced into purifying strepto- 
kinase. By 1946, material was made available to Tillett and myself 
for clinical observation. 


The pleural space was selected as the area for study of the effects 
of streptokinase injections since it was ideally suited for studies of 
this type. Undesirable accumulations of fibrin were commonplace 
in the pleural space, large samples of fluid for analysis could be 
obtained easily, and roentgenographic evidence of effects could be 
demonstrated. It was found that intrapleural injections of strepto- 
kinase in man were irritating but did not produce serious toxicity 
nor injury to living tissues. After a long period of preliminary study 
designed to determine the amount of streptokinase required to acti- 
vate plasminogen in vivo, the therapeutic range was entered, i.c., 
inject'ng amounts of streptokinase which would consistently set into 
motion an active fibrin dissolving system. Then things began to 
happen, and there was no problem in demonstrating that clotted 
blood in the pleural space could be liquefied by local injections of 
streptokinase." 


Figure 2 illustrates observations on the very first patient in 
whom an attempt was made to dissolve a loculated coagulum in the 
chest. Shown in Figure 2 are the x-rays of a 21 year old male who 
had undergone a left pneumonectomy. Postoperatively, as shown on 


the left of Figure 2, a large multiloculated coagulum accumulated 
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Fig. 2.—Effect of streptokinase in a case of loculated hemothorax. 
See text for details. (Reprinted from Tillett, W. S., and Sherry, S.J. Clin 
Invest. 28:173, 1949) 


in the left pleural space. During the postoperative course the patient 
became febrile, and infection of the pleural space was suspected. 
Because of the multiple loculations, repeated aspirations of the chest 
yielded only small amounts of sterile serosanguineous fluid. The 
febrile course persisted despite antibiotic therapy and it was deemed 
advisable to lyse the coagulum to determine whether there were hidden 
areas of infection. Streptokinase was injected into one of the loculated 
areas. The next morning fluoroscopy revealed a striking disappear- 
ance of all the loculations and complete liquefaction of the contents 
of the pleural space. Thoracentesis yielded 1300 cc of thin, sterile 
fluid following which the x-ray, shown on the right of Figure 2, was 
taken. Subsequent to the thoracentesis, the patient’s febrile course 
spontaneously subsided. This case was dramatic indeed, and it was 
apparent that rapid lysis of fibrin could be accomplished enzymatic- 
ally for therapeutic purposes in man. 


When streptokinase was injected into the chest of patients with 
thick purulent empyemas, it was noted that a dramatic thinning of 
the purulent exudate occurred. There was good reason, along bio- 
chemical lines, to suspect that the physical characteristics of thick 
some other constituent 


Viscous pus were not due to fibrin but t 
present in large amounts in the sediment of the exudate. Thus the 
rapid lysis of the thick exudate by the streptokinase preparation sug- 





38 SOL SHERRY 





Fig. 3.—Feulgen stains of purulent exudates derived from patients with 
pleural empyemas. See text. 


gested the presence of another streptococcal enzyme. In 1948, the 
major constitutent of the solid sediment of purulent exudates was 
identified as desoxyribonucleoprotein, a viscous, stringy, insoluble 
protein derived from the nuclei of cells undergoing degeneration in 
areas of exudation and suppuration.’ The streptococcal enzyme 
present in our streptokinase preparation and capable of causing the 
rapid breakdown of this nucleoprotein proved to be a desoxyribo- 
nuclease.” For convenience, it was termed streptodornase. 


When the Feulgen stain, which is specific for DNA protein, was 
applied to the smears of exudates, the presence and distribution of 
this nucleoprotein could be readily demonstrated. Shown in Figure 
3 are four exudates stained by the Feulgen method. The nucleo- 
protein is dark staining material and appears in the nuclei of the 
living and dead cells, and scattered extracellularly. The top two 
smears in Figure 3 are from acute empyemas. It will be noted that 
the extracellular nucleoprotein appears as granules and short fibrous 
strands. The lower two smears in Figure 3 are from chronic tubercu- 
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lous empyemas, and here, the nucleoprotein has polymerized into an 
extensive extracellular network. 


The streptodornase in our preparations acted in a dramatic fash- 
ion in vivo as well as in vitro. The smear shown on the left of Figure 
4 is a Feulgen stain of the pus aspirated from a suppurative tubercu- 
lous node in a young child. The node was then injected with the 
streptococcal enzyme concentrate. Twenty minutes later, thin puru- 
lent fluid was aspirated and the smear, shown on the right of Figure 
4, was made. Only the nuclei of intact cells remain. Detailed 
studies by Johnson revealed that the streptococcal enzymes did not 
affect living cells but rapidly dissolved the nucleus of degenerating 
and dead cells, as well as all extracellular DNA protein. 


As might be expected, the gross effect on thick pus was very 
striking. The tube, shown on the left of Figure 5, contains a sample 
of purulent fluid removed from the chest of a patient with a thick 
tuberculous empyema, just prior to the intrapleural instillation of the 
streptococcal enzyme preparation. The tube on the right of Figure 
§ contains a sample of exudate removed one hour after the injection, 
and demonstrates that the heterogeneous nature of the sediment has 
been broken up into homogeneous layers, and the major portion of 
the sediment dissolved. 


The ability of the streptococcal enzyme preparation to incite the 
lysis of the two major insoluble constituents found in areas of infec- 
tion, namely, fibrin and DNA protein led to the concept of an 
enzymatic debridement and the use of this concept was extended 
to localized disease in various areas of the body.” The effects which 
could be attributed to the local application of these streptococcal 
enzymes are summarized as follows: 


RESULTS OF ENZYMATIC DEBRIDEMENT WITH SK-SD 


1. Cleansing of area and surface of infection of fibrin and 
desoxyribonucleoprotein (DNP). 


2. Facilitates drainage of ireas of loc ulated purulent, sanguin 
eous, and fibrinous accumulations. 


3. Liberation of hidden bacteria with exposure to: 
a) antimicrobial agents 


b) immune forces 


4. Stimulation of tissues with resultant increased growth poten 
tial. 
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Fig. 4.—In vivo effect of streptodornase on desoxyribonucleoprotein of 


purulent exudate (Feulgen stain). 


In the patient studies which followed, detailed attention was 
given to elaborating the principles involved in the use of these en- 
zymes, correlating in vitro with in vivo observations, and making 
appropriate quantitative measurements rather than relying on em- 
pirical clinical appraisal. In addition, fundamental problems raised 
by the in vivo studies, such as the effect of the enzymes on living and 
dead cells, the extent of the degradation of fibrin and DNA by these 
enzymes, and the development of new techniques for assaying the 
enzymes in biological fluids, were taken into the laboratory and 
studied in great detail. 


Out of this work emerged a rational approach to the use of 
enzymes in a variety of disease states. The use of streptokinase- 
streptodornase proved effective in many patients whilst in others 
the results were disappointing. In each case where the results were 
disappointing, the lack of effect could usually be shown to be due 
to an aberration of one of the principles involved in their use, or a 
lack of understanding of how to use these enzymes in relation to a 
more complex disease problem. For example, it became apparent 
that additional enzymes would have to be developed for use in areas 
where there were large accumulations of respiratory mucin, or ex- 
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tensive skin and connective tissue sloughs, since these involved sub 
strates not susceptible to the action of the streptococcal enzymes. 
Also, it had to be stressed that the enzymes were developed primarily 
as an adjunct to the management of various disease states and were 
not designed to replace any of the other basic principles involved in 
the management of disease. 


However, as a consequence of these studies, the broad aspect of 
local enzyme therapy by agents capable of depolymerizing highly 
viscous substances or fibrous proteins is now well established. Proper 
exploitation of this relatively new field of therapy still requires a 
considerable number of further developments, the more important of 
which include: 1) the development of better methods for getting 
enzymes into direct and sustained contact with the substrate; 2) the 
development of techniques or procedures by which the irritating 
qualities of some of the enzymes in current use can be minimized, 
particularly when they are used in small, fixed spaces; 3) the identi- 
fication of substrates, other than those presently recognized, which 
may contribute significantly to disease, or impair normal healing 
processes; and 4) the identification and development of new enzymes 
which are capable of lysing known substrates which contribute to 
the maintenance of disease. 


Let us consider a logical extension of this earlier work with 
fibrinolysins and nucleases, namely, the development of enzyme 
therapy for systemic use. By the latter, one refers to the systemic 
injection of enzymes in high enough concentration, and for long 
enough periods of time, to enzymatically degrade specifically defined 
materials which have accumulated in an undesirable fashion either in 
the blood vessels themselves, or in adjacent areas into which the 
enzyme may diffuse. As an illustration, let us consider the possibility 
of producing controlled fibrinolysis in vivo for the therapy of throm- 
boembolic disease. The magnitude of the benefits of such a pro- 
cedure, if it could be successfully developed, is readily apparent, since 
thrombo-embolic disease represents a major cause of morbidity in man, 
today. 


Considerable progress already has been made in this direction, 
and I should like to tell you about our own studies which have been 
carried out in association with Drs. Anthony Fletcher and Norma 
Alkjaersig. It should be recognized that somewhat simil-r studies are 
in progress in several other institutions in this country, particularly 


by groups under the direction of Tillett, Cliffton, Ambrus and von 
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Fig. 5.—Rapid lysis by streptococcal concentrate of purulent pleural 
exudate within pleural cavity of patient. (Reprinted from Tillett, W. S., 
and Sherry, S.J. Clin. Invest. 28:173, 1959) 


Kaulla. Although our individual approaches may differ, and different 
enzymes be employed, the ultimate objectives are the same. 


In experimental animals considerable success in producing intra- 
vascular fibrinolysis can be achieved with intravenous injections or 
infusions of streptokinase. Thus Johnson and Tillett’® were able to 
dissolve preformed venous thrombi in rabbit ear veins by intravenous 
infusions of streptokinase. We have demonstrated that intravenous 
injections or streptokinase into dogs may result in the dissolution of 
experimental femoral artery thromboses.'' An example is illustrated 
in Figure 6. Shown on the left of Figure 6 is an experimental throm- 
bus observed in the femoral artery of a control animal, five days after 
its production. The artery is cut in a semi-longitudinal fashion and 
evidences of early organization of the well formed thrombus is evi- 
dent. The section of artery, shown on the right of Figure 6 was 
taken from a streptokinase treated animal at the same time as the 
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Fig. 6.—Dissolution by streptokinase treatment of an experimental 


thrombus in the femoral artery of a dog. 


specimen from the control animal. The lumen is patent with only 
a few shreds of clot present. 


In addition to the ability of systemically injected streptokinase 
to incite the dissolution of intravascular thrombi, evidence has been 
obtained suggesting that extravascular deposits of fibrinous exudate 
can be lysed by intravenously administered streptokinase.'* These 
experiments are of considerable importance from a fundamental 
standpoint since they indicate that the concept of systemic specific 
enzyme therapy is not limited to the vascular tree but may be extend- 
ed to involve extravascular areas into which the enzyme may diffuse. 
In these experiments a traumatic fibrinous peritonitis which could be 
expected to proceed to organization was produced in dogs by scarify- 
ing an area of peritoneal wall with a vegetable grater. The animals 
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Fig. 7.—Effect of intravenous streptokinase on experimental traumatic 
peritonitis in the dog (control animal). (Reprinted from Sherry, et al. 
Proc. Soc. Exptl. Biol. and Med. 90:1, 1955) 


were sacrificed on the twelfth day and the abraded area examined 
grossly and histologically. As anticipated, almost every one of the 
control animals, developed dense adhesions at the site of previous 
trauma. In contrast, only an occasional animal, receiving large 
amounts of streptokinase intravenously for a three day period after 
the abrasive injury, developed any adhesions. 


Figure 7 demonstrates the extent of the exudate seen on the fifth 
postoperative day in one of the control animals. The rectus muscle 
is seen at the lower left and the extensive fibrinous exudate infiltrated 
with cellular elements extends to the top of the figure. Early organi- 
zation is under way, extending down between the muscle bundles. 
Figure 8 demonstrates the scanty exudate seen in a streptokinase 
treated animal, also taken on the fifth postoperative day, for com- 
parison to the control. Organization is not evident and it is improb- 
able that adhesions would have developed in this animal. 


Following the demonstration that clot lysis could be produced 
in vivo, in animals, by fibrinolytic means, studies with intravenous 
streptokinase in man were instituted. Although the progress of this 
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work was impeded initially by a high incidence of undesirable pyro- 
genic reactions, it could be demonstrated that plasminogen could be 
activated in the circulation with no unusual toxicity or hazard to the 


patient.'* 


Although, all the emphasis in the developmental work in man 
by other groups is on maintaining high levels of circulating fibrinoly- 
sin, our approach to intravascular fibrinolysis has differed since it is 
based on an investigation of the mechanism by which experimental 
clots are actually dissolved. The results of this in vitro study indicate 
that the concentration of activator in the circulation is more critical 
in effecting clot lysis than the level of fibrinolysin or plasmin itself." 
Consideration was given, as shown in Figure 9, to two alternative 
schemes by which intravascular clot lysis may occur. First, clot lysis 
may result from the direct action of circulating plasmin. With this 
mechanism, the concentration of plasmin or fibrinolysin in the circula- 
tion is the critical factor in determining the rate of fibrinolysis. 
Alternatively, since all human thrombi contain considerable amounts 
of intrinsic plasminogen as a consequence of the adsorption of this 
substance during the process of clotting, clot lysis may result from the 
diffusion of activator into the clot. Under this latter scheme, the 


concentration of circulating activator is the critical factor. 


To decide this choice, we measured the rate of fibrinolysis by 
the amount of radioactivity released from preformed I'*' trace labelled 
human plasma clots. These clots were incubated in solutions con- 
taining either human plasmin alone, activators alone, or mixtures of 
plasmin and activator. The proteolytic activity of the test solutions 
were measured by a standard casein method. The results of these 
experiments, one of which is illustrated in Figure 10, demonstrate 
that clots incubated in the presence of activators undergo rapid 
fibrinolysis, whereas clots incubated in the presence of the proteolytic 


enzyme plasmin alone are poorly digested. 


In Figure 10 the data are presented in three panels; on the left, 
are shown the effects of a purified preparation of human plasmin 
alone; in the center, the effects of streptokinase alone; and on the 
right, the results obtained with a mixture of streptokinase plus plas- 
min. The broken line refers to radioactivity released from the tagged 
plasma clots, while the solid line refers to the proteolytic activity 
of the substance under investigation. The data in each panel are 
plotted as a function of the concentration of the substance under 
study. It will be noted on the left of Figure 10 that plasmin, at very 
significant levels of proteolytic activity, produces very little lysis of 
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Fig. 8.—Effect of intravenous streptokinase on experimental traumatic 
peritonitis in the dog (treated animal). (Reprinted from Sherry, et al. 
Proc. Soc. Exptl. Biol. and Med. 90:1, 1955) 

I 


the tagged clots. In sharp contrast, as seen in the center, strepto- 
kinase, with no proteolytic activity, produces marked clot lysis, an 
effect directly related to the streptokinase concentration. On the 
right of Figure 10, it will be noted that the addition of streptokinase 
to the previously ineffective plasmin preparation does not increase the 
proteolytic activity of the mixture but results in a powerful clot 
lysing preparation. From these, and similar experiments utilizing 
other activators, as well as other techniques, we have concluded that 
the fibrin lysing power of plasma upon thrombi is dependent upon 
its activator content, and relatively independent of its proteolytic 
activity or plasmin content. 


Accordingly, in patients, we have deemed it desirable to induce 
and then maintain high levels of circulating activator rather than 
high levels of circulating fibrinolysin. This has been made possible 
by the recent availability of highly purified streptokinase preparations 
which are well tolerated in patients. Treatment has been instituted 
by the intravenous injection of a priming dose of streptokinase, 
dependent in amount on the level of circulating antibody, and vary- 
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ing between 10,000 and 200,000 units. Thereafter, the level of 
activator has been maintained by the intravenous administration of 
50 to 100,000 units of streptokinase an hour during the treatment 
period. This regime, designed as a consequent of patient studies with 
isotopically labelled streptokinase, maintains a plasma level of 3 to 
10 streptokinase units/ml. 


Figure 11 illustrates the biochemical changes induced on the 
second day of treatment in an 84 year old man suffering from a 
femoral artery thrombosis. The patient received three streptokinase 
injections of 200,000 units each at two hourly intervals and observa- 
tions were made over a 16 hour period. The top graph of Figure 11 
describes the plasminogen and fibrinogen levels. Immediately be- 
neath the top graph are observations on the lysis time of spontaneously 
clotting whole blood specimens. This test is a crude measure of 
circulating plasmin. In the lower graph are shown observations on 
the ability of the patient’s plasma to produce zones of lysis on a fibrin 
plate test, and to lyse radioactive human plasma clots. 


It will be noted that the fibrinogen levels were not significantly 
altered during the entire period of observation. Immediately follow- 
ing the first streptokinase injection, the plasminogen concentration 
fell to insignificant levels, as a consequence of its rapid activation, and 
remained depressed during the period of repeated injections. At the 
end of the period of observation, the plasminogen concentration had 
returned to a high level. None of the spontaneously clotted whole 
blood specimens lysed over a 24 hour period, and this observation, 
together with other determinations, showed a virtual absence of plas 
min in the circulation. The rapid disappearance of plasmin from 
the circulation is attributed to the powerful inhibitory action of the 
blood. In contrast, as shown in the lower graph, the streptokinase 


injections were associated with a striking rise in the clot lysing activity 
of the plasma, which was maintained during the period of SK injec 


tions but returned to the pretreatment range by the end of the 
period of observation. These data illustrate in an unequivocal fashion 
the dissociation of the fibrin lysing power of the plasma from its 
plasmin content. 


At present more than §0 patients with thrombo-embolic disorders 
have been treated with very large doses of streptokinase, i.c., a million 
units or more. These include patients with acute coronary throm- 
bosis and myocardial infarction; cerebral vascular thrombosis; periph- 
eral arterial thrombosis; retinal artery thrombosis; deep vein throm- 
bophlebitis, with or without complicating pulminary emboli; slowly 
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resolving lobar pneumonia; and penetrating wounds or infections of 
the eye. These diseases although of diverse etiology and clinical 
symptomatology all have the common feature of fibrin clots or fibrin 
exudates. 


Although any attempt to clinically evaluate this form of therapy 
at the present time would be premature, we have obtained evidence, 
in a number of instances, which suggests that in vivo fibrinolysis has 
been produced. The course in two patients, one with pulmonary 
emboli secondary to thrombophlebitis, and the other with a fibrinous 
exudate in the anterior chamber of the eye have been selected for 
illustration.'* 


REPORT OF CASES 


Case 1. R.B., a 61 year old farmer, noted pain and tenderness 
in the left calf, three weeks prior to admission. For the entire two 
week period before hospitalization, the patient was incapacitated by 
severe dyspnea or minor exertion. Two days before admission, he 
experienced pain in the left inguinal region followed by tense edema 
of the entire left leg. On admission to Barnes Hospital, the left 
thigh and calf measured 3 cm greater than the right. Chest x-ray 
and electrocardiogram, shown on the left of Figure 12, revealed 
cardiomegaly and right bundle branch block, presumably as a result 
of multiple pulmonary emboli. The patient was treated over a four 
day period with a total of 1.7 millions units of streptokinase. Repeat 
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chest x-ray and electrocardiogram taken shortly after the completion 
of the streptokinase therapy, as shown on the right of Figure 12, 
revealed a normal heart size and a disappearance of the right bundle 
branch block. The phlebitis had completely subsided. On subse- 
quent mobilization there was no evidence of diminished cardiac 


reserve or of postphlebitic edema. 


Case 2. The second patient was of particular interest since it 
is well recognized that fibrin in the anterior chamber of the eye does 
not spontaneously resolve. M.S., a 71 year old man, developed signs 
of an intraocular infection three days following the removal of a 
cataract. Culture of the anterior chamber fluid revealed a diplococ- 
cus. During intensive antibiotic therapy, a dense fibrinous exudate 
formed in the anterior chamber. He was given 1 million units of 
streptokinase intravenously over the next four days. By the third 
day of treatment, slip lamp examination suggested resolution of the 
fibrinous exudate. On the fourth day, marked clearing of the an- 
terior chamber was evident and over the next two days all traces of 


the fibrinous exudate disappeared. 


COMMENT 


As a result of these studies we now know that high levels of 
fibrinolytic activity can be sustained in the circulation of patients 
for long periods of time without any undue hazard. We have noted 
some minor bleeding, particularly from the sites of operative wounds, 
but we have not, as yet, seen any severe bleeding. Although we 
are very encouraged with the development of these patient studies, we 
recognize that assessing the value of this procedure in disease states 
will be extremely difficult because of the real part that bias may play. 
As a result these studies have been restricted to one disease, namely, 
acute coronary thrombosis, and are being conducted by means of a 
double blind study. Only by means of this type of study, where 
neither the patient, nor those evaluating the study, know which 


agent has been used, can the element of bias be eliminated. 


If these studies should prove successful, fibrinolytic therapy 
can be applied to any number of diseases where undesirable accumula- 
tions of fibrin occur. Besides the diseases mentioned, it should prove 
very useful in the treatment of subacute bacterial endocarditis or 
in almost any type of deep seated inflammatory or infectious} disease 
occurring in any area of the body. The possible scope of fibrinolytic 
therapy is enormous not only for the treatment of disease but per- 
haps for prophylaxis as well. 
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tagged human 


Of course, there is no reason to believe that streptokinase will 
prove to be the only or best agent for producing controlled fibrinoly- 
sis in patients. Other activators, e.g., urokinase, which can be derived 
from animal or human urine, may prove to be less antigenic, and more 
useful for patient therapy. It is interesting to note that Ploug" 
in Denmark recently has reported on relatively simple purification 
procedures for urokinase which have resulted in a several thousand- 
fold concentration and purification of this substance. It is also 
possible that purified preparations of human fibrinolysin derived from 
human plasma can successfully be developed for system fibrinolytic 
therapy.'*'’ However, if our own views are correct, the use of 
activators of enzymes wherever possible may prove to be a more 
promising approach to enzyme therapy, than the use of enzymes 


themselves. 


At present, the development of systemic therapy with specific 
enzymes is not restricted to studies on fibrinolysins. Tillett and his 


group recently have reported on the use of intravenous pancreatic 
desoxyribonuclease for the therapy of lung abscesses.'* In this latter 
disease, one of the major therapeutic problems is to improve drainage 
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of the thick purulent exudate which accumulates in the abscess cavity. 
If the exudate can be thinned, better drainage through the natural 
respiratory passages may be expected, and spontaneous healing may 
then occur. Tillett and his group now believe that they can achieve 
better contact between enzyme and substrate through systemic admin- 
istration of the desoxyribonuclease rather than by bronchoscopic 
instillation or aerosols. Pancreatic desoxyribonuclease can be given 
intravenously in large amounts without systemic reaction, and the 
clinical results have been encouraging. 


If these studies to which I have referred should prove successful, 
then the concept of systemic therapy with enzymes will be firmly 
established, and the usefulness of this type of enzyme therapy will 
be considerably extended. In considering systemic enzyme therapy, 
one should not limit his thinking to fibrin and DNA protein. There 
are a number of other undesirable materials which accumulate in 
disease states, and contribute significantly to the morbidity of the 
illness. Theoretically, these substances could be removed by enzym- 
atic means. For example, there are a large group of diseases in which 
symptomatology is related to the deposition of abnormal materials in 
the walls of blood vessels and in the connective tissues throughout 
the body. Under this group we may include rheumatoid arthritis, 
systemic lupus erythematosus, scleroderma, polyarteritis, dermato- 
myositis, amyloidosis, paraamyloidosis, Kimmelstiel-Wilson’s disease, 
and a number of others. In some of these diseases the fibrinoid-like 
material needs further identification while in others information is 
available about the composition of the abnormal deposits. Why can 
we not rid the body of these materials by specific systemic enzyme 
therapy? Along similar lines, can we develop lipases for the therapy 
of fat emboli, or other enzymes for the treatment of amniotic fluid 
emboli? All of these diseases offer a practical challenge to the thera- 
peutic enzymology of the near future. 


Let us also consider a number of diseases, as illustrated by gout, 
in which sparingly soluble yet relatively simple compounds accumu- 
late in the body and produce disease by precipitating out in joints, 
connective tissues, and kidney. Why can’t their therapy be more 
aggressively managed by the use of appropriate enzymes? 


Although our discussion has been limited to enzymatic therapy 
aimed at ridding the body of well defined deposits of insoluble ma- 
terials occurring either locally or in the extracellular and vascular 
compartments of the body, this viewpoint certainly need not be so 
restrictive. Undesirable, yet soluble constituents can also be brought 
under enzymatic attack. As an example, we may note the recent 
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Fig. 11.—Biochemical change induced by intravenous streptokinase in 


a patient with a femoral artery thrombosis. (Reprinted from Sherry, et 


al. Trans. Ass. Amer. Physicians 70:288, 1957) 


introduction of intramuscular penicillinase injections for the treat- 


By markedly re- 


ment of hypersensitivity reactions to penicillin." 


ducing the concentration of the residual penicillin in the circulation 
and connective tissue depots, as a consequence of penicillinase injec- 
tions, investigators at the Great Lakes Naval Hospital believe they 
have obtained results which are superior to other methods of treatment 
for the annoying and sometimes serious reactions to penicillin. 
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Fig. 12.—Effect of intravenous streptokinase on a patient with multiple 


pulmonary emboli secondary to thrombophlebitis. (Reprinted from Sherry, 
et al. Trans. Ass. Amer. Physicians 70:288, 1957) 


is an exceedingly interesting approach and makes one wonder whether 
a similar approach can be developed for other sensitivity reactions 


as well as other types of diseases. 


Another area which is worthy of further exploration and could 
be studied at the present time, relates to enzymatically altering the 
normal state on a systemic basis. All of us are aware of the local 
influences of hyaluronidase on altering the diffusion characteristics 
of the connective tissue. Could we utilize this effect on a systemic 
basis to favorably alter the course of certain diseases? For example, 
could we enhance the mobilization of fluid in cardiac failure by com- 
bining systemic hyaluronidase injections with appropriate diuretic 


therapy? 


In all these remarks, consideration has been given only to ma- 
terials or substances which are in the vascular or connective tissue 


compartments of the body since these may readily come under attack 
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in the foreseeable future. We have not considered the possibility of 
the use of enzymes for intracellular purposes since there is very little 
evidence that enzymes administered exogeneously can penetrate the 
peculiar permeability characteristics of the cellular compartment. If 
methods can be developed for allowing exogeneously administered 
enzymes to penetrate the intracellular compartment, then the clinical 
potentiality of enzyme therapy will become enormously magnified. 
As you probably all appreciate, the contributions of biochemistry 
to medicine in recent years have far outstripped those of pathology 
and physiology. Knowledge is rapidly expanding concerning the 
metabolic blocks, abnormal biochemical shunts, and enzyme defi- 
ciencies which are pathogenetically involved in various disease states 
but particularly those with a constitutional or genetic background. 
It is certainly conceivable that when methods are developed for deliv- 
ering appropriate enzymes to the intracellular compartment that the 
biochemical lesion underlying a variety of diseases can be repaired 
and a more normal state of metabolism restored. In selected situations 
the validity of this concept has been amply demonstrated by the 
dramatic results obtained through the use of specific coenzymes which 
have no difficulty in traversing cell membranes. The potentialities of 
this type of enzyme therapy, i.c., to restore normal metabolism is so 
great that it would encompass the entire field of medicine but at this 


time remains beyond our reach. 


The intent of this presentation has been a rather broad and 
provocative look ahead at what might be considered possible to accom- 
plish therapeutically with enzymes, based upon existing biochemical 
and medical research knowledge. It is my belief that the future of 
enzyme therapy is a bright one, indeed, with relatively unlimited 
horizons. However progress in this field of therapeutics, like all other 
areas of medical science, must depend initially on two things: the key 
discoveries of those involved in basic investigation; and close collab- 
oration between the laboratory investigator and the clinical investi- 


gator. 
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EPIDERMOID CHOLESTEATOMA AND 
CHOLESTEROL GRANULOMA 


EXPERIMENTAL AND HUMAN 
I. FRIEDMANN 


LONDON, ENGLAND 


In 1829 Cruveilhier’ described the “pearly tumor” which the 
famous anatomist Johannes Miller first called “cholesteatoma” in 
1838.'* Subsequently and particularly since the development of 
modern otology the questions of pathogenesis, terminology and the 
problematic etiological association with cholesterol of the “cholestea- 
toma” of the ear have been a matter for much argument and discus- 
sion. The extent of topical interest in these problems was amply 
indicated in a recent discussion on “Cholesteatosis of the Attic” in the 
Otological section of the Royal Society of Medicine (1958). 


Riiedi'® in his opening paper at this symposium reviewed the 
present state of knowledge of this condition and furnished additional 
experimental proof of the validity of the immigration theory; Tumar- 
kin** and Birrell,* on the other hand, have focused their attention 


on terminological reform. 


It is proposed here to reconsider the histogenesis and nomencla- 
ture of epidermoid cholesteatoma and the related condition of choles- 
terol granuloma in the light of some recent experimental work. 


The terms “epidermoid cholesteatoma” and “cholesterol granu 
loma” have been applied in previous reports of this systematic analysis 
of the pathology of otitis media*'' and will be further discussed. 


EPIDERMOID CHOLESTEATOMA 


Structure. The epidermoid cholesteatoma is a cystic structure 
lined by keratinizing stratified squamous epithelium resting on fibrous 


From the Department of Pathology, The Institute of Laryngology and Otology, 
London. 

Presented in the discussion on “Cholesteatosis of the Attic,’”’ Otology Section, 
Royal Society of Medicine, February 7, 1958. 
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Fig. 1.—Epidermoid Cholesteatoma. Note bag-like structure complete- 
ly removed at mastoidectomy operation. The squamous epithelial lining 
appears to form a stalk and there is an opening leading into the cavity proper. 
(G 908) X 25. 


stroma of variable thickness, which may contain some elements of 
the original mucous lining. The keratinized layers of the epithelium 
are innermost and are desquamated into the cavity of the cyst and 
form its contents, often with a generous admixture of pus (Fig. 1). 
It must be stressed that the epidermoid cholesteatoma is an epithelial 
product of keratinizing stratified squamous epithelium showing hyper- 
keratosis. 


Histogenesis. The following theories have been advanced to ex- 
plain the origin of the squamous epithelium in the middle ear cleft: 
the congenital, the immigration, the implantation, the metaplasia and 
hyperplasia theories. 


1. Congenital Origin. The congenital origin of some epidermoid 
cysts of the petrous bone is indisputable (Lancet, 1958). The men- 
inges and a large part of the cranium are ectodermal in origin arising 
from the neural crest. J. S$. Tytus and J. Pennybacker** have record- 
ed 43 cases of keratinous epithelial cysts in and about the central 
nervous system. Their work illustrates the many different sites in 
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Fig. 2.—Section of bone fragment with cholesterol granuloma. Note 


large numbers of cholesterol clefts embedded in fibrous granulation tissue 


filling a mastoid cell. Hematoxylin and eosin X60 [1117 


which these lesions may arise: two were pericranial, six orbital, six 
petrous, two diploic, two suprasellar, seven intracerebral, three cere- 
bello-pontine, eight midline subtentorial and seven spinal. There 
were six petrous lesions which included cholesteatomas. Thus occa- 
sionally epidermoid cysts or cholesteatoma of the petrous bone may 
be formed in this way and may in turn become infected from the 
middle ear. This origin, however, accounts for only a small number 
of genuine cases of epidermoid cholesteatoma. Schroer*' in common 
with other authors altogether disputes the validity of this theory, 
basing his opinion on earlier embryological work. Riiedi'’ has found 
no evidence of embryonic cell nests in 124 temporal bones sectioned. 


The only epidermoid cholesteatoma in which such an origin had 
to be considered was seen in this hospital in a man 65 years of age, in 
whom a large dermoid cyst or epidermoid cholesteatoma had been 
removed from the posterior cranial fossa (Mr. Radley Smith). Six 
months later the cavity in the posterior fossa was again explored 
(Professor F. C. Ormerod) when the petrous bone was found almost 
entirely eroded away. Its remnants and most of the residual mastoid 
process including the styloid process were also removed. The possi- 
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Fig. 3.—Epidermoid Cholesteatoma and Cholesterol Granuloma.  ‘lhis 
combination has been frequently observed. (1 103) X 75. 


bility of an infectious origin for this cyst cannot, however, be entirely 
excluded as there was a history of homolateral facial palsy since 24 
years of age. 


2. Immigration. The immigration theory was advanced by Hab- 
*rmann!? and was based he well-know hological phe - 
ermann’* and was based upon the well-known pathological phenom 
enon of the epithelialization of sinus and fistula tracks. This postu- 
lated that cholesteatomata were produced by the ingrowth of kera- 
tinizing epidermis from the external auditory meatus through a per- 
foration in the tympanic membrane into the tympanic cavity. 


The theory has been challenged by the finding of cholesteatoma 
in patients with an apparently intact drumhead. In view of the 
clinical difficulty of assessing the histological integrity of the tym- 
panic membrane tiis argument is obviously a dubious criticism. 


Both human and experimental evidence strongly supports Hab- 
ermann’s theory. 


3. Implantation Cholesteatoma. Squamous epithelium may be 
accidentally introduced into the middle ear following a fracture of 
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the temporal bone region.*' Keratinizing squamous epithelium in 
ectopic sites seems to behave with uniformity irrespective of the site 
and originating mechanism. It rounds off into a cyst filled with 
keratinized matter forming in fact epidermoid cysts. 


In this connection it is interesting to mention that intraspinal 
epidermoid or pearly tumors resembling cholesteatoma have been 
found in patients treated for tubercular meningitis, by Choremis and 
associates.” When streptomycin was introduced in the treatment of 
tuberculous meningitis, the C.S.F. was tapped by the authors usually 
for from three to five months. Therefore, it is probable that by the 
multiple punctures epithelial cells were implanted in the spinal canal. 
The process was extremely slow and the first symptoms appeared from 
three to seven years after the treatment of meningitis. 


More recently, in the German literature, attention has been 
drawn to the development of “flap’’-cholesteatoma (Lappen-choles- 
teatoma) as a late complication of tympanoplasty operations.* Here 
we are dealing with the same underlying phenomenon, i.e., the epi- 
dermis introduced by the surgeon may in some cases undergo hyper- 
keratosis and produce epidermoid cysts. This again has been noted in 
old mastoidectomy cavities where the term “inclusion dermoid” has 


been applied to similar structures. 


4. Metaplasia. Squamous metaplasia has often been suggested as 
a possible explanation for the occurrence of squamous epithelium in 
the middle ear spaces. These are lined, normally, by flat endothelium- 
like cells resting on thin layers of connective tissue. In the course of 
chronic infections the epithelium assumes the character of respiratory 
type columnar and ciliated epithelium. Examples of this reversal to 
respiratory type have been frequently observed in both our human 
and experimental material.*'" 

Squamous metaplasia is common in the respiratory tract and it 
would appear to be justifiable to assume that the epithelium of the 
middle car in particular when of the respiratory type, may undergo 
squamous metaplasia in the course of chronic inflammation with sup- 
puration. 


It might therefore be of some interest to refer to the changes 
essociated with squamous metaplasia of the bronchial epithelium as 
described by Auerbach et al.': 


Basal Cell Hyperplasia. The first change usually occurs in the 
form of multiplication of the basal cell layers without the entire loss 
of columnar cells which can still be easily recognized on the surface. 
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Fig. 4.—Epidermoid Cholesteatoma. Section through the wall of the 
cyst showing two types of epithelium 1) squamous epithelium forming the 


cholesteatoma and columnar epithelium of the mucosa of the middle ear. 
The squamous epithelium must have undermined the normal mucosa and 
could not have arisen through metaplasia. (H 1327) H.and E. X 190. 


Stratification follows when the columnar cells have disappeared 
and the superficial cells show signs of flattening but no other charac- 
teristics of squamous cells. 


Squamous metaplasia might ensue, the cells on the surface assum- 
ing the characteristics of prickle cells showing intercellular bridges. 
It is important to note that keratinization has not been observed in 
squamous metaplasia of the bronchial epithelium.’ The absence of 
keratinization in squamous metaplasia of the bronchial epithelium 
would suggest that even though squamous metaplasia might be en- 
countered in the middle ear this may not necessarily be followed by 
the formation of an epidermoid cholesteatoma. 


Hyperkeratosis of the epidermoid matrix is the sine qua non of 
the histogenesis of epidermoid cholesteatoma. 


Mucus glands and ducts of various organs may undergo squa- 
mous metaplasia. The phenomenon is not uncommon in salivary 
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Fig. 5.—Epidermoid Cholesteatoma Note keratinizing squamous epi- 


thelium undermining mucosa covered by cuboidal epithelium. Hematoxylin 
and eosin X 260 G. 1441 


gland tumors or in glands of the oral cavity. In the breast Salm*° 
described an interesting case of squamous metaplasia and pointed out 
that owing to its rare nature its occurrence was unknown to many 
histologists of great experience. It has been suggested that squamous 
metaplasia might occur in the gland-like structures encountered in 
chronic otitis media. Riiedi'’ found no evidence of metaplasia in 124 
sectioned temporal bones and it is difficult to accept the evidence pre- 
sented by Birrell* in his illustrations 4 and 5. These show at best 
stratification of the glandular epithelium which, however, appears 
to be lacking in the characteristic features of squamous epithelium. 
It may be repeated that squamous metaplasia cannot be diagnosed in 
the absence of intercellular bridges or prickle cells. 


In common with Riiedi'® we have found no evidence of squamous 
metaplasia in the infected suppurating bullae of approximately 600 
guinea-pigs infected intraurally with various types of microrganisms 
even though many bullae have developed a typical respiratory type 
mucosa lined by columnar epithelium and forming gland-like struc- 


tures.” 
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Fig. 6.—Section of granulation tissue removed from middle ear show 
ing tubular gland or duct lined by ciliated columnar epithelium. Note base 
covered by squamous epithelium which may have reached it from elsewhere 
but findings strongly suggest squamous metaplasia. (1496/58) Hematoxy 


lin and eosin X 100 


§. Hyperplasia. Tumarkin’s*’ ingenious hypothesis was based 
on the assumption that the attic was lined with a specific type of 
epithelium which would in turn become hyperplastic and form the 
cholesteatoma matrix. The normal attic epithelium, however, is 
neither stratified nor is it endowed with the property of keratiniza- 
tion. Whether it is possible for cholesterol to be deposited in the 
attic from desquamated epithelium leading to the development of a 
cholesterol-granuloma is a point worth considering*’ although this 
would not in itself explain the development of epidermoid cholestea- 
toma in the attic. 


Nomenclature, The term cholesteatoma was introduced by Jo- 
hannes Miller'’ in 1838.. All through the years this term appears on 
the whole to have been accepted by most people, but has invited a 
good deal of speculation and serious study concerning the role of 
cholesterol in its production and also of its problematic neoplastic 
nature. Gavin Young” in 1950 in a thoughtful attempt at termino- 
logical reform introduced “cholesteatosis” thus eliminating the neo- 
plastic suggestion of the previous term but leaving the implied 
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Fig. 7.—Base of gland detail of figure. Note prickle cells showing inter 
cellular bridges. Hematoxy lin and eosin X650 (1496/58) 










association with cholesterol open. More recently Tumarkin*’ sug- 
gested the word “epidermosis” and Birrell* the terms “squamous cho- 
lesteatosis” or “squamous epitheliosis.”” Some of these terms, while 
eliminating the association with cholesterol, would imply that we are 
dealing with a disease per se of the epidermis or of squamous epi- 
thelium. 


The present writer has suggested that the term cholesteatoma 
should be retained so as better to convey the clinical significance of 
the condition, but used only for epidermoid or keratinous cysts occur- 
ring in the ear. This suggestion is supported by Riiedi and Simp- 
son.'"** The suggested complete term “epidermoid cholesteatoma” 
would then be associated exclusively with this important and serious 
condition of the ear and of no other organ, without necessarily imply- 
ing an obligate association with cholesterol as an etiological factor; 
the qualification “epidermoid” indicating its matrix and principal 
histological component. 


It could be argued that it might be best to dispense with the 
term cholesteatoma altogether and call it, as in fact it is, “the epider- 
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Fig. 8.—Epidermoid Cholesteatoma—age and sex distribution. 


moid or keratinous cyst of the middle ear.” This is no doubt the 
most correct description of the pathological findings. 


CHOLESTEROL GRANULOMA 


Structure. The histopathology of cholesterol-granuloma differs 
fundamentally from that of the epidermoid cholesteatoma. It jis a 
granulomatous structure formed by variable numbers of cholesterol- 
crystals (clear cleft-like spaces in sections) surrounded by foreign 
body giant cells and embedded in fibrous granulation tissue (Fig. 2). 
There is frequently some fresh blood, more often some blood pigment 
present, suggesting the pathogenesis of this structure. 


Histogenesis. Cholesterol-crystals are deposited at the site of 
hemorrhage or, rarely, suppuration and acting as irritants may soon 
attract foreign-body giant cells and provoke fibrosis. 
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Fig. 9.—Cholesterol Granuloma—age and sex distribution. 





Site. It may occur anywhere in the middle ear in the course of 
chronic otitis media. Thomas*’ has described cholesterol granuloma 
formation in a fenestration cavity. 


NOMENCLATURI 


Cholesterol granuloma in the ear appears to have been first de- 
scribed by Manassé'’ in 1917 but attracted little attention until 
Singer~* rediscovered it. However, recent literature and textbooks 
have ignored this interesting feature of the pathology of chronic otitis 
media. Birrell* in a paper entitled “Black Cellular Cholesteatosis in 
Children” included beautiful illustrations of cholesterol-granulomata 
but misinterpreted them as cholesteatomata or black cholesteatoma. 


On histopathological grounds the present writer has recom- 
mended the adoption of the term cholesterol-granuloma for these 
structures”'” without implying that it was a clinical or pathological 
entity. It must be stressed that the term itself is a histological one 
and inapplicable as a clinical diagnosis. As such it does not seem to 
be justifiable to diagnose clinically a case of cholesterol-granuloma or 
black cholesteatoma. The cholesterol-granuloma is an element of 
the granulation tissue formed in the course of middle ear infections 
and can only be recognized with accuracy in sectioned material re- 


moved at operation (Table III). 
EPIDERMOID CHOLESTEATOMA AND 
CHOLESTEROL GRANULOMA 


As both conditions can occur simultaneously (Fig. 3), it is not 
surprising that cholesterol crystals have been found in sectioned ma- 
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terial removed at operations on the mastoid process. The microscop- 
ical recognition of the cholesterol granuloma should help in clarifying 
the vexed question of the role of cholesterol in the pathology of 


chronic infections of the middle ear. 


ANALYSIS OF CLINICAL MATERIAI 


Specimens of 770 bone-chips removed at operations on the mas- 
toid process in the period 1935-1956 performed at the Royal National 
Throat, Nose and Ear Hospital, London, systematically investigated. 
The relevant results are summarized in Tables I to IV and Figures 


8 and 9. 
TABLE I 
HISTOLOGICAL DIAGNOSIS OF 770 BONE CHIPS 
(Examined in the period 1953 to 1956) 
Acute or Subacute Otitis Media: 38 ( 4.930) 


Chronic Otitis Media: 
(Granulation tissue, glands, sclerotic changes of bone 


present but no evidence of epidermoid cholesteatoma, 


cholesterol granuloma or squamous epithelium) 379 (49.22%) 
Epidermoid cholesteatoma: 151 (19.61%) 
Epidermoid cholesteatoma & cholesterol granuloma: 13 ( 1.68%) 
Cholesterol granuloma: 43 ( 5.58%) 
Tuberculous otitis media: 7 ( 0.90%) 
Squamous cell carcinoma 10 ( 1.299%) 
No evidence of disease: 129 (16.79%) 


Some of the more significant histological observations may be illustrated here. 


Ingrowth of Epithelium. Sections of human material removed at 
operations on the mastoid process have furnished convincing evidence 
of the ingrowth of squamous epithelium into the ear. Figures 4 and 
§ show squamous epithelium lining the cavity of epidermoid choles- 
teatoma spreading underneath the mucosa of the middle ear whose 


cuboidal or columnar epithelium appears to be intact. These and 
similar findings have suggested the ingrowth of squamous epithelium 
into the middle ear as otherwise the co-existence, in this form, of the 
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Fig. 10.—Fragment of vascular bone removed at mastoidectomy oper 
ation. Note cystic epidermoid cholesteatoma at the bottom, and two large 
cholesterol granulomata inside cells or perivascular spaces. (1 1115) X 14 


columnar epithelium of the mucosa and of the squamous epithelium 
could not be explained. 


Squamous Metaplasia. Columnar epithelium and_gland-like 
structures have been observed in granulation tissue removed from 
the middle ear; there was, however, no evidence of squamous epitheli- 
um in 379 specimens showing histological signs of chronic infection 


(Table I). 


Nevertheless it might be relevant to mention in this place the 
findings in a more recently investigated specimen (1496/58) or 
granulation tissue removed at operation from the middle ear cavity. 
Figures 6 and 7 show a tubular gland lined by ciliated columnar epi- 
thelium the base of which is covered by polygonal prickle cells with 
intercellular bridges. There is no evidence of keratinization, an essen- 
tial factor in the formation of epidermoid cysts. The findings are 
suggestive of squamous metaplasia although the possibility of in- 
growth of the squamous epithelium from elsewhere could not be 
entirely excluded. 
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TABLE Il 


CLINICO-PATHOLOGICAL CORRELATION OF 151 MICROSCOPICALLY 
DIAGNOSED CASES OF EPIDERMOID CHOLESTEATOMA 


EPIDERMOID CHOLESTEATOMA 


rOTAL DIAGNOSED 
Microscopical Findings 151 151 
Operational Findings 151 130 
Radiological Findings 104 46 


Clinico-Pathological Correlations. Table II indicates the difh- 
culties of the radiological and clinical identification of epidermoid 


cholesteatoma. 


The clinico-pathological correlation of cholesterol granuloma is 
not easy. In about half of the cases studied (Table*III) cholesteatoma 


was observed at operations but not microscopically. The simultaneous 


occurrence of epidermoid cholesteatoma and cholesterol granuloma is 
not uncommon, and has led to some speculation and confusion con- 
cerning the role of cholesterol in the formation of epidermoid choles- 


teatomata (Fig. 3). Both conditions have, however, only one factor 


in common, that of the underlying chronic infection. Cholesterol 
granulomata are probably formed long before the development of 
epidermoid structures, the growth and ultimate breakdown of which 


may often be measured in decades rather than years. 


TABLE Ill 
CLINICO-PATHOLOGICAL CORRELATION OF 43 MICROSCOPICALLY 


DIAGNOSED CASES OF CHRONIC OTITIS MEDIA 
WITH CHOLESTEROL GRANULOMA 


GRANULATIONS OR 


CHOLESTEROI EPIDERMOID OTHER EVIDENCE 

GRANULOMA  CHOLESTEATOMA OF INFECTION 
Microscopical Findings 43 — 43 
Operational Findings 20 23 
Radiological Findings j Positive: 7 


Negative: 17 


Not Performed: 14 
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Duration of Symptoms. Although figures are small it would 
appear that a higher percentage of cholesterol granulomata presented 
with a history of less than one year’s duration than was the case with 
epidermoid cholesteatoma (Table IV). 


TABLE IV 


APPROXIMATE DURATION OF SYMPTOMS PRIOR TO 
OPERATIVE TREATMENT 


NO. OI LESS THAN MORE THAN 


DIAGNOSES CASES ONE YEAR ONE YEAR 
Epidermoid cholesteatoma 151 15 136 
Chronic otitis media with cholesterol granuloma 43 12 31 


Age and Sex Distribution of 151 Cases of Epidermoid Cholestea- 
toma and 43 Cases of Chronic Otitis Media with Cholesterol Granu- 
loma (Figs. 8 and 9). The age distribution of 151 histologically 
confirmed cases of epidermoid cholesteatoma (Fig. 4) shows that 
although the majority of cases fall within the 20 to 60 age group no 
age group is exempt. Whereas epidermoid cholesteatoma is considered 
to be rare among children, 12 of the cases studied were younger than 
ten years of age, the youngest of which was only four when oper- 


ated on, 


It is likely that these children and younger individuals under 
the age of 20 (total number 33) have received some antibiotic or 
chemotherapeutic treatment. Attention is drawn to this group of 
patients indicating that epidermoid cholesteatoma may still require 


a good deal of attention in the future. 


The age distribution of 43 cases of chronic otitis media with 
cholesterol granuloma (Fig. 5) also shows a fairly high percentage 


of younger patients. 


Birrell’ has drawn attention to the interesting fact that choles- 
terol granulomata may occur in children whose mastoid processes were 
pneumatized. A recent case seen by us might, therefore, be of some 
interest. Figures 10 and 11 show a fragment of vascular mastoid 
bone. There were several cholesterol-granulomata present lying in 
what appears to be distended perivascular spaces or possibly cells. The 
patient, a girl of nine, has been suffering from otitis media with dis 
charge 16 months prior to cortical mastoidectomy. There was also 
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Fig. 11.—Detail of previous section showing cholesterol granuloma 


inside a cell or distended perivascular space. (I 1116) X 5S. 


an epidermoid cholesteatoma present as in Riiedi’s patient'® illus- 
trated in his Figure 8 but the two lesions were well-separated from 


each other. 


ANALYSIS OF EXPERIMENTAL MATERIAI 


Experimental Epidermoid Cholestecatoma. Experimental evidence 
in guinea-pigs has previously been presented” that keratinizing squa- 
mous epithelium may migrate from the external auditory meatus or 
tympanic membrane into the bulla of the experimentally infected 
guinea-pig. This occurrence was observed in 10 per cent of the 
experimentally infected bullae. Figure 12 shows the bulla of a 
guinea-pig after intraural infection with Pseudomomas pyocyanea 
(Strain Py. 2800), and the characteristic picture of epidermoid 
cholesteatoma. The squamous epithelium of the external auditory 
meatus has spread far into the bulla and formed the matrix of the 
epidermoid cholesteatoma. Similar findings were observed in the 
elegant experiments of Riiedi who used a surgical approach to the 
bulla leaving the tympanic membrane intact. 
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Fig. 12.—Experimental Epidermoid Cholesteatoma of guinea pig, fol 
lowing infection with Ps. Pyocyanea. Note bulla wall covered by ingrow 
ing squamous epithelium and desquamated layers of keratin of epithelium 
ind pus in the cavity. (G.P. 644) X 180. 


ATTEMPTS AT EXPERIMENTALLY INDUCED METAPLASIA 


The Effect of Estrogens. Bonser (1954) has shown that in ani- 
mal experiments an abundant supply of estrogens may promote squa- 
mous metaplasia and keratinization in the bladder. Estrogen-induced 
uterine metaplasia and keratinization has also been described by Bo 


et al.” and others. 


We have treated 24 guinea-pigs with subcutaneous or intra- 
muscular injections of estrogens (Ovocyclin P or M, Ciba) but squa- 
mous metaplasia in the bulla was not observed at this estrogen level 
although some animals showed uterine squamous metaplasia. Twelve 
guinea-pigs were infected with Pseudomonas pycocyanea (Strain 
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Fig. 13.—Experimental Epidermoid Cholesteatoma of guinea pig, fol 


lowing injection of Ps. Pyocyarea and Ovocyclin P (5 mgs for 6 weeks). 
: yor) y 
(G.P. 994) X SS, 


Pyo 26) and then treated with Ovocyclin P 5 mgms for six weeks 
(in weekly doses). Two of these animals developed typical epider- 
moid cholesteatoma almost certainly of the migratory type (Fig. 13). 


The Effect of Cholesterol. There has been some speculation 
whether cholesterol deposits might cause squamous metaplasia. In our 
experience cholesterol suspensions injected into the bullae of guinea- 
pigs failed to cause metaplasia although, as will be mentioned, choles- 
terol granuloma formation has been observed in our experimental 


animals. 


Experimental Cholesterol Granuloma. 1n common with Riedi’™® 
we have never seen a cholesterol-granuloma in experimentally in- 
fected ears. Similar structures could, however, be reproduced experi- 
mentally after the injection of sterile suspensions of cholesterol into 
the middle ear of the guinea-pig. 


The Preparation of Cholesterol Suspensions. 0.5 ml of a satur- 
ated solution of cholesterol in equal parts of absolute alcohol and 
ether are added to 2 ml sterile saline and then shaken vigorously on 
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Fig. 14.—Experimental Cholesterol Granuloma. Note small granuloma 
with cholesterol clefts attached to the internal surface of the tympanic mem 
brane. (G.P. 836) X 115 


a mechanical shaker for approximately 10 to 20 minutes. This pro- 
duced a stable suspension for intraural injection. After cleansing 
and disinfecting the auricle and auditory meatus with spirit, 0.05 to 
0.2 ml—according to the capacity of the bulla—was injected through 
the tympanic membrane in accordance with one of the following 


schedules: 


1) Single dose given; 2) repeated doses given at § to 8 day inter- 
vals; 3) cholesterol injected into previously experimentally infected 


ears. 


Cholesterol-granulomata have been found, surprisingly enough 


only in none-infected ears, as small masses of cholesterol-crystals or 
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Fig. 15.—Experimental Cholesterol Granuloma detail showing choles 
terol crystals embedded in inflammatory granulation tissue. (G.P. 836) 


X 750. 


clefts embedded in granulation tissue with foreign-body giant cells. 
Most commonly they were found in the neighborhood of the needle 
track behind the tympanic membrane (Figs. 14 and 15) or in more 
protected parts of the bulla such as between the cochlea and the bulla 
wall, usually within the first few weeks following injections. There 
was no trace of residual cholesterol in animals killed later than a 
month after injection. 


COMMENT 


From the results of this systematic analysis of current human 
and experimental material it may, therefore, be concluded that, in 
the majority of cases, epidermoid cholesteatoma is caused through 
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ingrowth or implantation of squamous epithelium into the middle 
ear. The role of squamous metaplasia does not appear to be as 
important as has been previously assumed, but it ought to be further 
studied in view of the importance of this phenomenon in the lower 


respiratory tract. 


Attempts at producing squamous metaplasia in the guinea-pig 
have failed so far either by means of intraural or systemic injections 
of cholesterol or estrogens in the form of Ovocyclin P and M (Ciba). 
Hieger™ in a study of the carcinogenic effect of repeated doses of 
cholesterol observed the formation of cholesterol-granulomata at the 


site of injection. 


Our experiments have confirmed that cholesterol crystals may 
act as foreign-body irritants causing the formation of granulomata,*' 
for experimental injections of cholesterol crystals into the bulla of 
the guinea-pig have occasionally led to the formation of structures 
resembling the cholesterol granuloma of chronic otitis media. There 
was, however, no evidence of squamous metaplasia nor was the 
injection of cholesterol ever accompanied by the production of an 


epidermoid cholesteatoma. 


SUMMARY 


The histogenesis and nomenclature of epidermoid cholesteatoma 
and cholesterol granuloma are discussed, based on a systematic investi- 
gation of current clinical and experimental material. Evidence is 
presented in support of the validity of the immigration theory of the 
pathogenesis of epidermoid cholesteatoma. The role of squamous 
metaplasia is discussed and attention is drawn to the frequent absence 
in metaplastic squamous epithelium of keratinization, a sine qua non 


of the pathogenesis of epidermoid cholesteatoma. 


The term epidermoid cholesteatoma is advocated, reserving the 
term exclusively for epidermoid cysts of the middle ear as it might 
be more accurately described, with the qualification “epidermoid” 
indicating its histological background. The role of cholesterol is dis- 
cussed and the cholesterol granuloma is described. It is stressed that 
cholesterol granuloma is not a clinical entity and can accurately be 


recognized only microscopically. 


Experimental cholesterol granuloma was observed in the bullae 
of guinea-pigs following the injections of sterile cholesterol-suspen 


sions, 
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Attempts at producing squamous metaplasia in the bullae of the 
guinea-pig with intraural application of cholesterol or systemic injec- 
tions of estrogens have been unsuccessful but will be continued. 
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TREATMENT OF SINUS BAROTRAUMA 


RaLtpH N. Kraus 
CoLoNEL, USAF (MC) 


RANDOLPH AiR Force Base, TEXAS 


Although numerous papers concerning sinus barotrauma ap- 
peared during and immediately following World War I, there has 
been a paucity of papers on this subject during the past ten years. 
Nevertheless, the problem of barotrauma remains with us. It is 

k 
believed that a review of treatment procedures and the presentation 
of some unusual cases are timely. 


Sinus barotrauma is an acute or chronic inflammation of one or 
more of the nasal accessory sinuses produced by barometric pressure 
differential between the air or gas inside the sinus and that of the 
ambient atmosphere.’ Sinus barotrauma was reported by 3 to 4 per 
cent of subjects who had altitude indoctrination during World War 
II. The incidence of sinus pain in chamber flights at the School of 
Aviation Medicine, USAF, over the past five years has been 2.4 per 
cent in 3,855 trained flying personnel and 3.5 per cent in 3,440 pros- 
pective flight surgeons, most of whom had never flown nor been in 
an altitude chamber.* During 1955 there were 200 temporary sus- 
pensions from flying for this condition in the U. S. Air Force; there 
were no permanent suspensions during this period.* 


In a study of 100 cases of sinus barotrauma in the Royal Air 
Force the frontal sinus was involved in 70, the maxillary sinus in 
19, the frontal and antrum in ten, and the ethmoid in one.°® 


PHYSIOLOGY 


Sinus barotrauma may occur during either ascent or descent, or 
during both. Symptoms are more likely to occur on descent. As we 
ascend, the atmospheric pressure decreases. Obstruction to the ostium 
of a sinus may prevent the escape of air. As ascent is continued, a 
relative positive pressure occurs within the affected sinus. 


On descent the atmospheric pressure increases. Obstruction to 


the ostium of a sinus will prevent the return of air to the sinus. A 
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relative negative pressure occurs within the sinus. It has been the 
author’s clinical observation that a relative negative pressure within 
a sinus is more painful than an equal amount of positive pressure. 
Pathologic conditions are more likely to prevent return of air to the 
sinus; hence, more people report sinus pain on descent. It is worthy 
of mention that pain from maxillary sinus pathology may be referred 
to the frontal region."* The common cold, sinusitis, allergy, and 
polyps are some of the common causes of obstruction of a sinus ostium. 


PATHOLOGY 


The pathology of the milder and moderate degrees of sinus baro- 
trauma is simply that of inflammation ex vacuo consisting of engorge- 
ment of the blood vessels, some diapedesis, and generalized submucosal 
edema with serous fluid in the interstices.'| The more severe degrees 
of tissue alteration are those of mucosal detachment and submucosal 
hematoma. Figure 1 demonstrates a hematoma of the roof of the 
right maxillary sinus. This patient was treated by infraction of the 
middle turbinate and then observed for a period of 60 days, during 
which time the size of the hematoma gradually decreased. Figure 2 
demonstrates this decrease in size. After this period the patient toler- 
ated ascent to 30,000 feet at the rate of 6,000 feet a minute and 
descent at the same rate without symptoms. He was returned to 
flying status and has had no difficulty since. 


TREATMENT 


When a patient with sinus barotrauma presents himself for 
treatment the history, examination, transillumination, and x-rays of 
the sinuses aid in the diagnosis. Often the findings during the exam- 
ination are disappointing; little can be detected that is abnormal. 


The goal of treatment is restoration of normal physiology to the 
affected sinus. In most instances nasal shrinkage suffices to reduce the 
swelling that blocks the ostium. In others, specific anatomic or path- 
ologic conditions must be corrected before normal sinus ventilation 
can take place.” The following regimen has been found successful 
in helping the patient obtain relief from acute barosinusitis: 


1. Nasal shrinkage followed by insertion of a cotton pledget 
containing a vasoconstrictor into the middle meatus should be tried 
first. 


2. This should be followed by a Proetz displacement procedure." 
If no relief of the excruciating pain is obtained after a reasonable 
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Fig. 1.—Note the triangular-shaped area of increased density in the 
right maxillary sinus. The base of the triangle extends along the entire roof 
of the sinus. The apex of the triangle is near the floor of the sinus. 


period (20 to 30 minutes), retraction of the middle turbinate should 


be suspected. 


3. Infraction of the middle turbinate. The middle meatus should 
be anesthetized with a topical anesthetic. A Freer elevator or similar 
instrument should be inserted into the middle meatus and the middle 
turbinate infracted. This simple surgical office procedure, which will 
relieve pain in most cases, has not been given the attention it deserves. 


4. Instrumentation of the sinus. In rare instances it may be 
necessary to cannulate the maxillary sinus through the natural ostium 


or to puncture the inferior meatal wall with a Lichtwitz needle. The 
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latter procedure is preferred by the author. Air will return to the 
sinus through the needle and immediately relieve the negative pres- 
sure. While these procedures may seem radical, radical measures are 
necessary at this point to relieve the pain and to prevent further 
damage to the sinus mucosa from the negative pressure within the 
sinus. The quicker the atmospheric pressure within the sinus is 
neutralized, the sooner the sinus will return to normal. 


§. A systemic vasoconstrictor such as ephedrine (gr ¥), propa- 
drine (gr ¥%), or sudafed 60 mg should be given immediately and 
repeated three times a day until all signs of nasal congestion have 
disappeared. 


6. Antibiotics should be given systemically in all instances in 


which sinus infection is suspected. 


7. Antihistamines should be given when allergy is either found 


or suspected. 


8. Severe symptoms may be prevented by returning the patient 
to a higher altitude as soon as symptoms appear; the descent should 
then be made very slowly. This method is often impractical, how- 
ever, particularly for passengers in aircraft. Decompression in an 
altitude chamber followed by a slow descent is likewise effective. 


In addition to the conditions usually responsible for interference 
with sinus ventilation the following conditions have been observed: 
1) retraction of the middle turbinate due to deflection of the nasal 
septum, 2) retention cyst of the maxillary sinus, and 3) osteoma of 
the frontal sinus. 


DEFLECTION OF THE NASAL SEPTUM 


In some cases it is impossible to infract the middle turbinate 
because a deflection of the nasal septum impinges upon the turbinate. 
In these instances recurring episodes of aerosinusitis should be an indi- 
cation for a submucous resection and infraction of the middle turbi- 
nate. The following case history illustrates this point. 


The patient developed pain over the right frontal sinus during 
jet penetration on his first jet flight three or four years ago. After- 
wards he had a similar pain on approximately half of the jet penetra- 
tions. Jet penetration is a routine flying maneuver for descent from 
high altitude, usually carried out in preparation for landing. After 
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Fig. 2.—This is an x-ray of the same patient as shown in Figure 1. 
Note that, after 60 days, the area of increased density has decreased in size. 
It is still present as a semilunar shadow at the roof the sinus. 


clearance from Air Traffic Control, the aircraft is “nosed over” and 
it descends at a rate exceeding 6,000 feet a minute until the desired 
altitude is reached. The cabin altitude does not change as rapidly 
because the cabin is pressurized. The actual rate of change of cabin 
altitude depends on the amount of pressurization. 


X-rays of the patient’s sinuses one year ago revealed no signifi- 
cant abnormality. The ear, nose and throat examination was within 
normal limits with the exception of the nose. The nasal septum was 
deflected to the left inferiorly and to the right superiorly in the mid- 
portion. The septum was in contact with the right middle turbinate, 
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Fig. 3.—Note the area of increased density in the right maxillary sinus 
It is smooth and dome-shaped near the roof of the sinus and almost com 


pletely fills the sinus. 


making it impossible to infract the turbinate. The mucosa appeared 
normal. Sinus x-rays at the time of the present examination revealed 
a clouding of the right frontal sinus which was probably due to 
mucosal thickening as a result of repeated barosinusitis. On August 
29, 1957, a submucous resection was performed. At the same time 
the right middle turbinate was infracted. The postoperative course 
was uneve. ful. The patient was returned to flying status on Septem- 


ber 10. He has had no pain during jet penetration since the operation. 


RETENTION CYSTS 


Retention cysts of the maxillary sinuses are usually incidental 


findings on routine sinus films, They may range in size from a few 
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Fig. 4.—Note the osteoma in the left frontal sinus. 


millimeters to a size which nearly fills the antrum. They are, in 
effect, dilated glands from the sinus mucosa. The sacs are lined with 
ciliated epithelium and are filled with straw-colored, sterile serous 


fluid.’ 


The following case history describes a retention cyst that was 
large enough to block the ostium of a maxillary sinus and cause symp- 


toms. 


About six months prior to consultation at the School of Aviation 
Medicine, the patient noticed a numb feeling and pain in his right 
maxillary teeth upon ascent in an altitude chamber. On each subse- 
quent flight in the F-86D he developed pain at an altitude of 20,000 
feet and above (cabin pressure 12,000 feet). He had flown above 
12,000 feet many times previously and had experienced no symptoms 
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Fig. 5:—The osteoma after removal from the left frontal sinus (Fig. 4). 


The pain became unbearable after 15 to 20 minutes. It was not 
issociated with nasal congestion. The pain would rapidly disappear 
after landing. 


The ear, nose, and throat examination was essentially normal. 
Sinus x-rays in the Waters position revealed a definite clouding of 
the right maxillary sinus with a smooth domelike surface near the 
roof (Fig. 3). On August 10, 1955, the cyst was removed by means 
of a right maxillary sinusotomy. The cyst was found to almost fill 
the sinus. It would apparently prolapse over the ostium on ascent 
and prevent the escape of the air between the cyst and the lateral 
wall of the sinus. Thus a relative positive pressure would build up 
as ascent continued. The patient was returned to flying status three 
weeks after removal of the cyst and has been asymptomatic since. 


OSTEOMA 


An osteoma is often an incidental finding in sinus x-rays. An 
osteoma may cause symptoms by obstructing the sinus ostium, by 
pressing on the walls of the sinus, or by eroding into adjacent struc- 
tures. Childrey (1939) found 15 osteomas in a series of 3,570 radio- 
graphs of sinuses. Twelve of the 15 involved the frontal sinus. An 
osteoma is a slow-growing nonmalignant growth which seldom recurs. 
These tumors may be hard and ivorylike with few haversian canals or 
spongy, cancellous in type with many vessels and marrow spaces. A 


single tumor may contain elements of both types.” 
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The following case history describes an osteoma which contrib- 
uted to symptomatic frontal sinvs barotrauma. 


On June 30, 1956, the patient developed pain in his frontal 
region on descent from 40,000 feet in the altitude chamber. On 
the afternoon of the same day he flew in a T-33 type aircraft and 
again suffered pain in the frontal region during descent. The patient 
was evaluated by a civilian consultant. A history of mild episodes 
of hay fever was obtained. Skin tests indicated a mild allergy to 
house dust. The middle turbinates were infracted. The patient 
developed severe pain over the left frontal sinus on subsequent flights. 
He was then removed from flying status. 


The patient was evaluated at the School of Aviation Medicine 
during the first part of August 1956. The ear and throat examination 
was essentially normal. There was no pus or exudate in the nose. 
The mucosa of the nose did not appear to be allergic. No polyps were 
seen. X-rays of the sinuses revealed a iesion (1 cm in diameter) of 
increased density apparently within the left frontal sinus (Fig. 4). 
Skin tests revealed a 4+ reaction to house dust and a 2+ reaction to 
marsh elder. The patient was taken for a diagnostic flight in the 
altitude chamber. On descent from 25,000 feet at the rate of 5,000 
feet a minute, he developed left frontal sinus pain at an altitude of 
16,000 feet. On August 7, 1956, a left frontal sinusotomy was 
performed with the patient under general anesthesia. An osteoma 
was found on the posterior wall of the frontal sinus encroaching on 
the ostium. The osteoma was removed (Fig. 5). The mucosa of the 
sinus was thickened over the osteoma and around the ostium. Ob- 
struction of the ostium due to the osteoma and thickened mucosa 
apparently prevented the return of air on descent. The postoperative 
course was uneventful. The patient was discharged from the hospital 
ten days later. On September 27, 1956, he was taken for a diagnostic 
chamber flight, ascending to 43,000 feet. Following two minutes at 
43,000 feet the chamber “free fell” to 33,000 feet and then descended 
at a rate of 6,000 feet a minute to ground level. The patient experi- 
enced no symptoms. He was returned to flying status and has had 
no difficulty since. He was not treated for the allergy. Absence of 
symptoms since removal of the osteoma indicate that the osteoma 
rather than allergy was responsible for the symptoms. 


SUMMARY 


The physiology and pathology of sinus barotrauma have been 
reviewed. A successful regimen for treatment has been presented. 
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The simple office procedure of infraction of the middle turbinate will 
frequently relieve the acute symptoms and should be tried in recur- 
rent cases in which the cause is not obvious. A submucous resection 
is indicated when the septum impinges on the middle turbinate and 
prevents infraction of the turbinate. Examples of sinus barotrauma 
caused by a retention cyst in the maxillary sinus and an osteoma of 
a frontal sinus have been presented. 
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HEARING PROBLEMS ASSOCIATED 
WITH CLEFT PALATE 


Maurice H. Miccer, PH.D. 


BROOKLYN, N. Y. 


The association of conductive losses of hearing with cleft palate 
has been known for many years. However, it was not until recently 
that controlled audiometric studies of the hearing sensitivity of }a- 
tients with this condition have been performed and reported in the 
literature. As these studies of hearing loss in patients with cleft 
palate are examined, we note certain discrepancies in the incidence 
of hearing impairments in this group reported by different writers. 


In December, 1939, Gaines’ presented a paper to what was then 
the American Speech Correction Society dealing with the frequency 
and effect of hearing loss in cases of cleft palate. The object of her 
study was to investigate the hearing loss of cleft palate children com- 
pared to the hearing loss of a control group of functional articulatory 
speech defectives having no structural anomalies. Pure tone audio- 
metric tests were performed in the private office of an otologist by a 
well trained assistant who used a Western Electric 2A audiometer. 
The experimental group was composed of 44 cleft palate patients, 
ranging in age from 4 to 13 years with an average age of 8 years and 
8 months. The results of this study showed definite differences 
between the hearing sensitivity of the cleft palate patients and the con- 
trol group. The comparison showed consistently greater hearing loss 
in the group of cleft palate patients than in the control group in all! 
the analyses computed. However, the magnitude of the differences 
between the two groups was not impressive, and Gaines suggests that 
the differences found may not be statistically significant. For exam- 
ple, the mean percentage loss of hearing for 512-1024-2048 cycles 
per second for the right ear of the cleft palate patients was 17 decibels, 
while the mean loss for the control group was 11.7 decibels. This 
difference of 5.3 decibels between the groups can hardly be considered 
significant in a study in which only one test was performed on each 
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subject in an office which was not sound-treated. The author con- 
cludes, however, that the loss of hearing is greater in cleft palate cases 
than in her control group of functional speech defectives. 


Sataloff and Fraser* in 1952 reported a study of the hearing 
sensitivity of thirty patients ranging in age from § to 16 with cleft 
palate. These authors used the term “deafness” to designate a hearing 
loss of 15 decibels or more in at least two frequencies. Testing was 
performed at octave points from 250 to 8000 cycles inclusive. The 
authors report that 90 per cent of the thirty patients with cleft palate 
in the study were found to have hearing losses. The unusually high 
percentage of children found to have hearing losses is apparently the 
result of the selective group of patients used in this study. All were 
very poor patients referred to a clinic for the care of the indigent 


who had histories of ear infections. 


In the latest edition of the Berry and Eisenson® text, “Speech 
Disorders: Principles and Practices of Therapy,” Berry reports the 
results of audiometric and other evaluations of 383 cleft palate chil- 
dren seen at the Rockford College Speech and Hearing Center in 1955 
and 1956. Her study indicates that less than 60 per cent of these 
children suffer from “a recognizable handicap of hearing.” The 
details of the audiometric procedures are not given and we have no 
way of knowing what the author regards as a recognizable handicap 


of hearing. 


EXPLANATION FOR DISCREPANCIES REPORTED REGARDING 
INCIDENCE OF HEARING LOSS 


A partial explanation for the wide discrepancies in the incidence 
of hearing loss reported by these and other authors may be found in 
the semantic confusion which surrounds the use of such terms as 
“deafness,” “hearing loss,” and “recognizable handicap of hearing.” 
There is a great difference between having a hearing loss and being 
hard of hearing. For example, many persons who have been exposed to 
artillery fire or flying for any length of time have a restricted loss of 
hearing for the 4,096 cycle frequency with normal hearing through- 
out the remainder of the frequency range. These persons have a 
definite loss of hearing. However, they are not hard of hearing since 
their ability to function satisfactorily in social and vocational situa- 
tions is not affected. Many persons past the age of 50 have some 
degree of reduced hearing sensitivity for air and bone conduction for 
the high frequency range due to presbycusis (4,096 cycles and 
above). These persons, too, have a definite loss of hearing inasmuch 
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as their hearing does not fall within normal limits for one portion 
of the frequency range. However, because the frequencies involved 
are not critical in understanding conversational speech, they should 
not be classified as being hard of hearing. Many persons have some 
degree of hearing loss limited to one ear and are able to function 
effectively in a majority of listening situations. Persons with slight 
acoustic trauma dips, mild high frequency losses secondary to presby- 
acusis, or varying degrees of unilateral losses of hearing, have definite 
losses of hearing but should not be classified as hard of hearing. This 
differentiation between loss of hearing and hard of hearing should be 
made in any statistical study dealing with the incidence of hearing 
impairment in a given population, 


Many cleft palate children have some degree of medically signifi- 
cant loss of hearing which can be detected by careful and complete 
pure tone audiometric tests. In many of these cases the loss of hearing 
is limited to high frequencies (8,000-12,000 cycles per second) above 
the range usually considered important for the understanding of 
speech. The number of children with cleft palate who are actually 
hard of hearing is very much smaller. It is of great importance to 
differentiate such slight, medically significant losses of hearing from a 
hearing loss of sufficient severity to handicap the patient vocationally 
and socially in his ability to understand and develop normal speech 
and language. 


SIGNIFICANCE OF HIGH FREQUENCY OBSTRUCTIVI 
HEARING LOSS 


The type of loss found in cleft palate cases is predominantly of 
the conductive type. This refers to an impairment of some portion 
of the sound transmission apparatus responsible for conducting sound 
waves from the outer air into the inner ear. Audiometrically this loss 
appears first in the high frequencies above the range important for 
the understanding of speech. These frequencies (8,000, 10,000 and 
12,000 cycles per second) are generally not included in pure tone 
screening audiometry, and this type of early hearing loss may remain 
undetected until a loss of hearing in the frequencies usually tested 
occurs. 


The American Medical Association has informed examiners of 


certain dangers involved in testing hearing at these frequencies. In 
the June 1951 report by the Council on Physical Medicine and Reha- 
bilitation,* attention was focused on the following areas of difficulty: 
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(a) There is no accepted normal threshold of hearing for any frequency 
above 8,000 cycles per second; (b) the currently accepted normal threshold of hear 
ing for 8,000 cycles per second is under criticism and will undoubtedly be revised 
if sufficient reliable data to support the current criticisms are accumulated; (c¢) in 
view of the uncertainty about the correct normal value for 8,000 cycles per second, 
any extrapolation of the normal threshold curve to higher frequencies can be 
considered as only a rough approximation; (d) the scatter (standard deviation) of 
thresholds at 4,000 and 8,000 cycles per second is considerably greater than at the 
lower frequencies; (¢) phy sical measurements of the pressure output of an audiom 
eter begin to be difhcult and uncertain at 6,000 cycles per second and are very unre 
liable at 12,000 cycles per second (American Standard Method for the Coupler 
Calibration of Earphones, Z 24.9-1949). This is due to purely physical relationships 
between the wavelength of the high frequency sounds and the necessary dimensi ns 
of the “coupler” in which the acoustic pressure is measured; (f) at frequencies 
ibove 8,000 cycles per second current audiometric earphones are relatively inefhcient 
and are also subject to large variations from one receiver to the other even amon 
those of the same model; (g) resonances within the ear canal are very important at 
high frequencies ind these resonances vary with the size and shape of the cana! 


ind also with minor changes in the placement of receivers over the ears.” 


For the reasons listed above, the Advisory Committee on Audi 
ometers and Hearing Aids added a stipulation to its minimum require- 
ments for pure tone audiometers for diagnostic purposes, and also for 
screening audiometers, regarding any test frequencies above 8,000 
cycles per second as follows: “If any such frequencies are provided 
as test frequencies, it must be clearly indicated on the audiometer that 
any measurements made at such frequencies are only rough approxi- 
mations.” It is the opinion of the Committee that such high fre- 
quencies in an audiometer are only of qualitative value and it is mis- 
leading to record in decibels any hearing losses above 8,000 cycles 
per second. The Committee also recommended caution in the inter- 
pretation of hearing losses determined at 8,000 cycles per second. 


The major areas of difficulty listed by the Committee are, in the 
opinion of the present author, surmountable by several simple clinical 
procedures well known to trained examiners. The criticism regarding 
the currently accepted normal threshold for 8,000 cycles per second 
is certainly justified. The error is in the direction of this frequency 
being too intense by about five decibels. This means that minus five 
decibels in the audiometer should be the zero level. This error is 
easily overcome by the use of a correction factor of plus five to air 


conduction readings at this frequency. 


The problem involving the physical relationships between the 
wavelengths of these high frequency sounds and the necessary dimen- 
sions of the “‘coupler” in which the acoustic pressure is measured can 
also be resolved in the clinical test situation. The wavelength of the 
sound having a frequency of 8,000 cycles per second is about one 
and one-half inches. In standard audiometric testing, the diaphragm 
of the receiver is about one and one-half inches from the eardrum 
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membrane. When an_8,000 cycle per second tone is fed through the 
receiver, the external auditory canal and the eardrum act as a closed 
tube, and because the distance between the receiver and the eardrum 
and the wavelength of the sound are about equal, a tone which is 180 
degrees out of phase with the original sound is reflected back from 
the eardrum and cancels the original signal.” A slight movement of 
the receiver away from the patient’s outer ear may, when this condi- 
tion occurs, result in a threshold 10 to 15 decibels better than that 
originally determined. This slight movement breaks up the standing 
wave pattern by altering the distance between the eardrum and the 
receiver. The examiner can handle this problem by loosening the ear- 
phone receiver when testing frequencies above 6,000 cycles per second 
and permitting the patient to move the earphone slightly until the 
best threshold is determined. Standing wave patterns similarly affect 
the determination of air conduction thresholds at 10,000 and 12,000 
cycles per second. The Committee states that current audiometer ear- 
phones are relatively inefficient above 8,000 cycles per second and are 
subject to large variations. The examiner can perform a clinical cali- 
bration procedure on his own audiometer at these frequencies and 
use an appropriate correction factor. The procedure for establishing 
such a table based upon the mean readings of a group of normally 
hearing young adult subjects has been described by McConnell and 
Carhart." In the absence of any accepted normal threshold of hearing 
for frequencies above 8,000 cycles per second, therefore, the examiner 
con establish his own standard of normality as he must do when he cali- 
brates the bone conduction oscillator for clinical use.’ When he estab- 
lishes his normal values for testing air conduction above 8,000 
cycles per second, he uses normally hearing young adult subjects. 
When he calibrates the bone conduction audiometer, he uses cases of 
mild to moderate bilateral sensori-neural hearing loss. 


Despite the difficulties encountered in testing hearing at these 
frequencies, valuable diagnostic information may be secured by in- 
cluding 8,000, 10,000 and 12,000 cycles per second in audiometric 
examinations of cleft palate and other children. Crowe and co- 
workers* at Johns Hopkins have presented a wealth of audiometric 
data suggesting that the most common hearing defect in children is 
impairment of thresholds for some or all co he high frequencies above 
2,048 cycles. This type of high frequency ivss of hearing is also quite 
common in cleft palate children. In a study of thirty-five cleft 


palate patients ranging in ages from 3 to 23 years, which was reported 
in 1956,” the present author reported that the type of conductive 
loss of hearing found most frequently in cleft palate cases was one 
which affected the high frequencies first (8,000 to 12,000 cycles per 
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second). A loss of 30 decibels or more at one of the frequencies tested 
was used as the criterion for hearing loss in this study. Frequencies 
between 125 and 12,000 cycles per second were tested in a properly 
sound isolated area. Of the fourteen cleft palate children found to 
have a purely conductive loss of hearing, twelve of them showed 
losses limited to the very high frequency range. If proper otological 
treatment is not instituted, the entire frequency range may become 
involved resulting in the reduced sensitivity for all frequencies char- 


acteristic of advanced conductive losses. 


These limited high frequency losses, it must be emphasized, are 
obstructive and not sensori-neural in nature. Bone conduction at 
the involved frequencies is normal or better than normal. (Several 
commercial audiometers permit bone conduction measurements in the 
8,000 to 12,000 cycles per second range which the author has found 
to be of diagnostic value when testing the hearing of children with 
early conductive losses.) Weber testing with the bone conduction 
oscillator of the audiometer at these very high frequencies shows later- 
alization to the ear having the greater air-bone gap, and the Rinne 
test is negative when the loss exceeds 30 decibels. The traditionally 
held view that high frequency losses are necessarily of the sensori- 
neural type is not substantiated by the clinical experience of Crowe 
and his co-workers at Johns Hopkins and by the present author. It is 
the relationship between the air and bone conduction curves of the 
impaired ear that must be used to establish a differential diagnosis 
of the type of hearing loss present. Examination of the air conduc- 
tion contour alone does not make possible an accurate differential 


diagnosis. 


The medical significance of these incipient, high frequency con- 
ductive losses is not accepted by many clinical audiologists and otolo- 
gists. The author of a generally excellent, recently published text- 
book in the field of clinical audiology," 
at 4,000 and 8,000 cycles per second in school children to be of little 


for example, considers losses 


consequence, 


“Experience has demonstrated that many school children have losses of 30 
decibels or more at only 4,000 and 8,000 cycles per second. Almost invariably an 
otologist who examines children with this type of high frequency loss finds no 
demonstrable pathology and nothing in the child’s history of significance. Many 
otologists feel that such high frequency losses are congenital and static (not pro 
gressive). Since the success of a hearing conservation program depends on securing 
the cooperation of the examining otologist, it 1s important that he feel that his time 
is well spent. It may be advisable, therefore, for the school audiometrist to assign 
priorities to the pupils identified as having hearing impairments. Those with losses 
only at 4,000 or 8,000 cycles per second would be given the lowest priority. High 
est priority would be given to pupils who have losses through all the speech fre 


quencies.” 
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Limitations of available otological personnel may necessitate the 
granting of priority to children whose losses of hearing involve the 
speech frequency range. However, one important objective of a 
hearing conservation program must be to detect early losses of hearing 
and prevent the development of a handicapping loss affecting the 
child’s ability to understand speech. The earliest indication of a 
medically significant loss of hearing in children is a reduction of 
hearing sensitivity for the high frequencies above the range involved 
in speech reception. While children with such limited high fre- 
quency losses may not be granted priority in a hearing conservation 
program, they should certainly receive the benefit of a complete 
otological examination and appropriate medical or surgical treatment, 
as indicated. 


The present author has made it a policy to refer for otological 
examination all children with high frequency conductive losses of 
hearing found on wide range pure tone audiometric testing. It has 
been his experience that significant medical pathology is invariably 
found by the otologist when children with such losses are examined. 
In addition to pure tone air conduction testing at frequencies above 
4,000 cycles per second, bone conduction measurements and_ the 
Weber and Rinne tests with the bone conduction oscillator are per- 
formed at the involved frequencies. It is thus possible to differentiate 
high frequency conductive losses associated with obstructive pathol- 


ogy from the static, congenital losses referred to by Newby. Further- 


more, the otological examination on these children must be accom- 
panied by a careful inspection of the nasopharynx in addition to 
the usual inspection of the tympanic membranes. Under these con- 
ditions, a high incidence of early pathology of the sound conducting 
apparatus will be detected. Appropriate medical and surgical treat- 
ment may then be instituted with an excellent chance of averting the 
development of a handicapping loss of hearing for speech. 


CAUSES OF CONDUCTIVE LOSSES OF HEARING 
IN CLEFT PALATE PATIENTS 


The causes of conductive losses of hearing of the type men- 
tioned in children with cleft palate are as follows: 


1. Lymphoid Hyperplasia in the Nasopharynx. Crowe, et al’® 
believe that high frequency losses of hearing in children are due to 
regeneration of lymphoid tissue in the nasopharynx which frequently 
occurs after adenoidectomy. They remind us that lymphoid tissue is 
an integral part of the mucosa of the nasopharyngeal region, and all of 
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it cannot be removed even by the most meticulous operation without 
endangering the patency of the eustachian tube by scar tissue forma- 
tion. The mucosa that grows out over the wound following adenoid- 
ectomy, therefore, contains lymphoid tissue. This tissue may undergo 
regrowth and hyperplasia with consequent infections of the upper 
respiratory tract. The use of radiation therapy directed at the re- 
maining lymphoid tissue in the fossa of Rosenmuller and in the region 
of the nasopharyngeal orifice of one or both eustachian tubes by the 
otolaryngologist is frequently successful in eliminating this lymphoid 
tissue and in stabilizing or reducing the high frequency conductive 
loss of hearing which accompanies this condition. This high fre- 
quency loss of hearing does not affect the understanding of speech 
because the frequencies involved are above the critical speech range. 
The otolaryngologist and the audiologist should view this limited 
frequency loss as a warning signal of a serious and handicapping 
loss of hearing which may follow if proper otological treatment is not 
promptly instituted. A careful inspection of the nasopharynx should 


be part of the ear, nose, and throat examination of all children with 


cleft palate. 


Crowe referred to children without cleft palates on whom an 
adenoidectomy had previously been performed. The situation is far 
more critical in cases of cleft palate because surgeons have tra- 
ditionally Leen unwilling to perform an adenoidectomy and tonsil- 
lectommy on these children. It has been felt that any tissue in the area 
of the oro- or nasopharynx serves to facilitate closure of the nasal 
port, and that an adenoidectomy might have an unfavorable effect 
on the speech of cleft palate children. Beatty,’* for example, stated 
that “if tonsillectomy is done by any of the accepted methods, natural 
contractions will, to varying extents, impair speech and the function 
of the velum in deglutition.” Therefore, in spite of the effect of 
lymphoid tissue on hearing sensitivity in these cases, surgeons have 
been reluctant to remove the tonsils and adenoids because of possible 


adverse effects on speech production. 


When a decision must be reached in these cases as to whether 
or not to perform a tonsillectomy and adenoidectomy, I believe that 
the child’s hearing should be the primary consideration. It has been 
the experience of the present author in carrying out individual speech 
therapy programs with cleft palate patients that there are few adverse 
effects on speech production resulting from a carefully performed 
tonsillectomy and adenoidectomy. The improvement of hearing is 
often considerable in these cases. By early surgical intervention, it 


may be possible to prevent the occurrence of a more serious, handicap- 
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ping loss of hearing. Once functional nasopharyngeal closure has 
been achieved by the speech therapist, the loss of lymphoid tissue 
following surgery will usually not impede the progress of speech 
therapy. 


2. The Abnormal Condition to Which the Eustachian Tube 1s 
Exposed in Cleft Palate Cases. The eustachian tube in cleft palate 
children becomes a constant object of infection from food, trauma, 
and inadequate aeration.'* These infections readily pass via the eus- 
tachian tube to the middle ear, where an acute or chronic otitis media 
may result with its frequent deleterious effect on the child’s hearing. 
Cleft palate patients have a larger proportion of acute inflammations of 
the middle ear and a much larger proportion of chronic suppurative 
and non-suppurative otitis media necessitating more frequent myrin 
gotomy than do non-cleft palate patients. Likewise, acute nasopharyn- 
gitis and a slightly greater occurrence of upper respiratory infections 
are found in cleft palate patients than in those without this condi- 
tion.’* A major factor in accounting for conductive losses of hearing 
in cleft palate children is the anatomical deviation of the muscles of 
the palatopharyngeal valve which impairs the function of the eus- 
tachian tube. This impairment of tubal function is considered by 
Gaines to be the major factor accounting for a great and frequently 
permanent loss of hearing in cleft palate cases. 


3. Disturbances of Eustachian Tube Function Secondary to Mu- 
tilating Surgery. Some surgeons, during an operation to close the cleft 
in the soft palate, produce scarring or distortion of the tissues at the 
nasopharyngeal orifice of the eustachian tube, thus interfering with 
its normal function of equalizing the air pressure on both sides of 
the tympanic membrane.'* Such losses of hearing may be referred 
to as “surgico-genic” since they result not from the cleft palate condi- 
tion per se but from surgical procedures sometimes employed in the 
correction of the physical deformity. This is not a statement against 
cleft palate surgery but is directed only toward those surgical pro 
cedures which secondarily traumatize the nasopharyngeal orifice. The 
effects on hearing of such procedures may not be evident immediately 
after surgery and will not be detected until wide frequency diagnostic 
pure tone audiometry is performed. The association of these losses of 
hearing with the original operative procedure may thus be unknown 
to the cleft palate surgeon. 


THE CLINICAL AUDIOLOGIST AND THE CLEFT PALATE TEAM 


It is gratifying to note that the Bureau for Handicapped Chil- 
dren of the New York City Department of Health in its manual of 
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Standards of Care for Cleft Palate Rehabilitation Centers in Hospi 
tals'® recommends that audiometric tests be performed upon every 
child with a cleft palate at as early an age as possible and if and when 
needed thereafter. Furthermore, treatment of otolaryngologic condi 
tions found in patients with cleft palate is recognized as a function of 
the Cleft Palate Rehabilitation Clinic. There should be a clinical 
audiologist on every cleft-palate team devoted to the total rehabilita 
tion of the patient with this condition. 


450 CLARKSON Ave. 
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LARYNGOCELE AND LARYNGEAL CANCER 


L. PrETRANTONI 
D. FELISATI 
AND 
A. FINzi 


MILAN, ITALY 


The association between laryngeal cancer and laryngocele has 
been reported by a number of authors, starting with Marschik in 
1927" and later on by Zéllner,'’ Cova,’ Torchiana,'* Leborgne,"” 
Schall,’* Bonandini,” Jackson,” Guenzi,* Casadesus and Capella,’ 
Meda,'*"'® Pagano,'® Mattioli,’* Carimati, Gignoux and Moindrot*"; 
Léroux Robert and Rogeon,'' Blavier.' 


According to these authors, the association between laryngocele 
and cancer of the larynx is uncommon; actually, if a correct tech- 
nique of radiological investigation of the larynx is adopted, we are 
often able to observe the presence of a ventricular dilatation associated 
with the presence of laryngeal carcinoma. 


Different interpretations have been proposed in order to explain 
the co-existence of these two pathological findings: some authors 
believe it to be occasional, while others consider the laryngocele 
as dependent upon the presence of the tumor. 


Generally, it is believed that, whenever there is an association 
between cancer and laryngocele, Morgagni’s ventricle is affected 
primarily or secondarily by the new growth. 


The incidence of bilateral laryngocele has been reported as being 
low. 


PERSONAL RESEARCH 


It has been our aim to report on frequency of laryngocele in 
cases of laryngeal cancer and on the relationship between these two 
types of lesions. 


From the Ear, Nose and Throat Department of the University of Milan. 
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To this purpose, we have examined the records of over 1000 
patients who underwent laryngectomy for cancer in the Ear, Nose 
and Throat Clinic of the University of Milan from 1948 until now. 


Preoperative radiological and tomographical findings of the 
larynx were available for 857 of these cases. The presence of laryngo- 
cele has been demonstrated from the radiological point of view in 53 
cases. (Six of these cases have been reported by Meda.’”) 


In view of these findings, we have controlled the macroscopic 


evidence on laryngeal specimens of the Clinic’s museum. 


This research has been possible only on 31 larynges out of 53, as 
22 specimens had been previously used for other investigations and 
could not be employed for dissection as required by the present study. 


In 12 cases out of 31, the radiological findings pointed to the 
presence of a monolateral laryngocele, but the macroscopic evidence 
showed, as will be stated further on, that there existed a bilateral 
laryngocele, or a monolateral form associated with a contralateral 
abnormally developed appendix. We may therefore assume that the 
incidence of laryngocele in laryngeal tumors is higher than we have 
observed radiologically. 


PECHNIQUE 


First, site, extension and anatomoclinical type ot the tumor have 
been recorded for every specimen. Then, by means of a medial verti- 
cal incision, the larynx has been divided in two halves. Finally, three 
or more transversal incisions parallel to the glottic plane have been 
made for each hemilarynx. 


It has thus been possible to ascertain the presence of an abnor 
mally developed ventricular appendix or of a laryngocele, to dissect 
the sac and to establish its size and the relationships with the neo 
plastic lesion. In some cases sections of the cystic mass have been 


studied by the pathologist. 


RESULTS 


In a majority of our 31 cases, the neoplastic lesion was very 
extensive and had spread to the whole supraglottic or subglottic 
region. 


In 20 cases (64 per cent), the tumor had a monolateral exten 
sion, in 11 cases it had already crossed the midline. In 12 out of the 
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monolateral cases, Morgagni’s ventricle was primarily or secondarily 
affected by the new growth. 


The tumor had invaded the ventricle 12 times (seven on the 
right and five on the left side) in bilateral tumors. Thus 22 hemi- 
larynges pertaining to the 11 cases of bilateral tumors have been 
considered and ten have been shown to be unaffected. 


TABLE I 
ANATOMICAL-CLINICAL FORMS OF TUMORS (31 CASES) 


Veget. Infiltr. Veget.-Inf. Ulcerated Veg. Ulcerated Inf. Ulcerated Veg.-Inf 


5 10 6 l 8 l 


Thus, out of 42 hemilarynges invaded by the tumor, 24 cases 
showed a primitive or secondary invasion of the ventricle. 


No particular relationship with the anatomoclinical type of the 
tumor, with its site and extension, could be shown. Lesions were 
of a fungating or infiltrating type or else mixed forms; ulcerated 
and non-ulcerated varieties have been present in our series (Table I). 


TABLE Il 


INCIDENCE OF LARYNGOCELE OR OF VENTRICULAR 
APPENDIX IN MONO- AND BILATERAL TUMORS 


MONOLATERAI BILATERAI 
Tumor 20/31 11/31 
(64%) (36%) 
Laryngocele 4/31 27/31 
(13°) (87%) 


TYPES OF LARYNGOCELI 
The presence of an abnormally developed appendix or of a 
laryngocele has been shown §8 times; as a matter of fact, a bilateral 
lesion has been found in 27 cases (87 per cent) and a monolateral 


one in 4 (13 per cent). 


The high incidence of bilateral laryngoceles is rather remarkable, 
if we consider that, in the majority of our cases, the tumor was mono- 


lateral (Table II). 


oe 
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Thus it becomes evident that, in a large majority of our cases, 
the ventricular appendix occurred on the side opposite to the lesion. 
In our case material, the bilateral ventricular dilatation was present 
in 18 out of 20 cases of monolateral tun sor. 


We shall deal later on with this finding, when discussing the 
relationships between tumors and laryngocele. 


As regards the type of laryngocele, we have found the following 
distribution: appendix, 14 cases; internal laryngocele, 36 cases; ex- 
ternal laryngocele, 8 cases. 


ANATOMICAL RELATIONSHIPS BETWEEN LARYNGOCELI 
OR APPENDIX AND TUMOR 


We have investigated whether the tumor was connected with 
the ventricular dilatation or its appendix, thus pointing to an etiologic 
relationship between the new growth and the development of the 


laryngocele. 
TABLE Il 
“Stopple like” tu- T. exerting I. ex. pressure I. ex. pr. or No relation 
mor occluding the pressure or or invading inv. both between t. 
opening of the invading sacculus of sace. of lar. and laryngo 
appendix appendix laryngocele and its app cele 
2 19 6 7 24 


The examination of specimens has shown that the appendix or 
the laryngocele and the tumor were related in one of the following 
ways: 


1) The ventricular tumor affects the orifice of the sacculus. 
2) The tumor exerts a pressure or invades the appendix. 


3) The tumor exerts a pressure or invades the sacculus of the 
laryngocele. 


4) The tumor exerts a pressure or invades the sacculus of the 
laryngocele and its appendix. 


Table III shows the findings as seen in 58 laryngoceles or ap 
pendix. 
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As results from this table, the laryngocele or the abnormally 
developed appendix showed definitely no relationship with the tumor 
in 24 cases out of 58. On the contrary, in the remaining 34 cases, 
the development of the laryngocele seemed basically dependent upon 
the existence of a tumor spreading to the ventricle or to the neighbor- 


ing region, 


However, in six cases where the tumor affected only the cyst 
and not its appendix, it was difficult to believe that a check valve 
mechanism, like the one due to an obstacle to the air flow through 
the appendix, had been present (Table IV). 


rABLE IV 


POSSIBLE ETIOLOGICAL RELATIONSHIP BETWEEN 
TUMOR AND LARYNGOCELE OR APPENDIX 


28 30 
(48%) (52%) 


From the etiological point of view, we have thus seen 30 (24 + 6) 
laryngoceles or appendix cases where it was practically impossible to 
admit a relationship between the tumor and the laryngocele. 


ANATOMICAL-CLINICAL TYPES OF TUMORS IN CASES OI 
VENTRICULAR HERNIATION BEING RELATED 
TO THE TUMOR ITSELI 
This investigation has failed to reveal the existence of any partic- 
ular type of tumor (infiltrating, vegetating, mixed, with or without 
ulceration) related frequently with the development of a ventricular 


herniation. 


COMMENT ON RESULTS 


First, it should be pointed out that, in contrast with data reported 
in the literature, the incidence of laryngocele in laryngeal tumors is 
not so low. 


In our case material, out of 857 cases of laryngeal carcinoma, 


whose complete roentgenological records had been available, 53 (6.18 
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per cent) showed radiological signs of mono- or bilateral ventricular 


herniation (the monolateral type being more frequent). 


Owing to the fact that, as shown by our experience, the roent 
genological investigation often fails to show the existence of a ventric 
ular dilatation or of an abnormally developed appendix, it might be 


assumed that the percentage of 6.18 per cent is actually higher. 


The low incidence reported by other authors might be due to the 
technique of roentgenologic investigation, which in some cases cannot 
reveal the radiotransparent picture of the sacculus communicating 
with Morgagni’s ventricle. 


Secondly, we should like to point out that in many cases of 
association between cancer and laryngocele, Morgagni’s ventricle is 
not affected by the tumor. In our cases material a primitive or 
secondary localization to the ventricle has been observed only in 24 
(57 per cent) out of 42 hemilarynxes invaded by a new growth. 


As far as the etiologic relationship between tumor and laryngo 
cele is concerned, we know that a laryngocele usually arises from 
an abnormally developed ventricular appendix. It is our opinion that 
frequently the onset and the development of a laryngocele are not 
directly influenced by the tumor. 


The study of our specimens showed not only thet in 18 out of 
42 hemilarynxes the new growth did not affect in any way the ven- 
tricle, but further that frequently bilateral laryngoceles occur in 
association with strictly monolateral tumors (18 cases out of 20). 
There was no definite relationship between the tumor and the ven- 
tricular appendix even in cases of laryngocele occurring on the same 
side of the tumor and finally we have observed the presence of an 
appendix on the same side of a strictly monolateral tumor while on 
the opposite side there existed a laryngocele. 


It may thus be assumed that other factors, related to the presence 
of the tumor, are responsible for the genesis of this lesion, such as 
hoarseness, cough, chronic inflammation and all other pathological 
conditions due to dysphonic and breathing disorders which may cause 
an increase of pressure in Morgagni’s ventricle. 


All these causes may have as a consequence a ventricular hernia- 
tion, whenever there exists an anatomical anomaly such as a ventricu- 
lar appendix. 
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SUMMARY 


The problem of association between laryngeal cancer and laryn- 
gocele has been discussed from the point of view of the incidence of 
this condition and of the interrelationship between the two types 


of lesions. 


Out of 857 cases of laryngeal cancer, the radio- and tomograph- 
ical investigation has shown the presence of laryngocele in 53 cases. 
A study of the specimens has been possible in 31 of these cases. 


The results of a macroscopic and histological study have yielded 


the following data: 


1. Incidence of laryngocele in cases of laryngeal cancer, as shown 
by radiological data, reaches 6.18 per cent. If we consider that the 
roentgenological investigation often fails to reveal the existence of a 
ventricular herniation, we are inclined to believe that the said per- 
centage is actually much higher. 


2. The ventricle was affected by the tumor in 24 out of 42 hemi- 


larynxes examined (57 per cent). 


3. Laryngocele is not always dependent upon the new growth, 
as shown by the occurrence of monolateral tumors associated with 
bilateral laryngoceles or even of strictly unilateral tumors accompan- 
ied by a ventricular appendix on the same side and by a laryngocele 


on the opposite side. 


4. Most probably, other factors play a role in the onset of laryn- 
gocele: first, a predisposing anatomical factor; secondly, the onset 
of cough, dysphonia and other respiratory and phonatory alterations 
due to the presence of the tumor, which may cause a rise of pressure 


in Morgagni’s ventricles. 


Via COMMENDA No. 16 
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THE USE OF THE SCANOGRAPH 
IN THE DIAGNOSIS OF MASSES AT THE 
BASE OF THE TONGUE 


James A. Harritt, M.D. 
JoserH E. Wuir.ey, M.D. 
I. MEscHAN, M.D. 


WINSTON-SALEM, N.C. 


The differential diagnosis of masses presenting at the base of the 
tongue in infants and children most often lies between a thyroglossal 
duct cyst, accessory thyroid tissue, and an ectopic thyroid gland. 
Preoperative differentiation of these conditions is critical in the con- 
sideration of their surgical treatment. Biopsy is often hazardous, as 
bleeding in this location is sometimes difficult to control. If thyroid 
tissue is observed histologically, no knowledge is obtained as to wheth- 
er the mass represents the entire thyroid gland or the accessory thyroid 
tissue left behind in the embryonic migration of the thyroid. 


The affinity of normal thyroid tissue for iodine in a normal or 
ectopic location makes possible its differentiation and delineation by 
radioisotopic technique. Scanograms of the oral pharynx and neck 
24 hours after oral administration of a tracer dose of I’** are employed 
in such cases prior to consideration of biopsy. The scans are per- 
formed on Polaroid, anteroposterior and lateral views of the neck 
for ease of interpretation.’ 


The instrument employed is a Nuclear of Chicago Model 1700 
Isotope Scanner with a Radiation Counter Laboratory detection head 
with a 1” x 1” sodium iodide thallium activated crystal; Bell and 
Francis “honeycomb” focusing collimator and Radiation Counter 
Laboratory Model 2207 Medical Spectrometer. 


The dose administered is calculated according to the weight of 
the patient so as to yield less than 300 milliroentgens in the first 
From the Department of Otolaryngology, Bowman Gray School of Medicine of 
Wake Forest College, the Department of Radiology, North Carolina Baptist Hospi 
tal and the Department of Radiology, Bowman Gray School of Medicine of Wake 
Forest College. 
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1.—Scans obtained in the lateral projection on Case No. 26-4 
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Scans obtained in the anteroposterior projection on Case No. 26-47-81. 
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Fig. 3.—Scans obtained in the lateral projection on Case No. 26-55-47. 
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Fig. 4.—Scans obtained in the anteroposterior projection on Case No. 26-55-47. 
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week. Excretion is neglected as an added safety factor; 0.66 micro- 
curies per pound body weight yields a satisfactory result with our 
scanner; however, up to 1.03 microcuries per pound may be employed. 


The following two cases are presented for illustration: 


REPORT OF CASES 


Case 1. N.C.B.H. (Unit No. 26-47-81). Six year old female 
was presented by her mother who noticed a growth at the base of 
the patient’s tongue at age five. The mass was biopsied by her local 
physician and a histological diagnosis was inconclusive. The patient 
was entirely asymptomatic except for snoring. Family history, past 
history, and accessory clinical findings were unremarkable. Physical 
examination revealed a healthy six year old; height, 43 inches; weight, 
44 pounds. The only remarkable finding was an irregular firm 
sessile mass 1.5 cm in diameter protruding at the base of the tongue 
below the vallate papillae. The mass was examined under anesthesia 
and no external drainage or duct was identified. Twenty-eight mi- 
crocuries of radioactive iodine were administered, and the scan per- 
formed 24 hours later is seen in Figures 1 and 2. It is observed that 
the mass protruding into the pharyngeal air shadow at the base of the 
tongue, represents the entire thyroid of the patient. 


Cask 2. N.C.B.H. (Unit No. 26-55-47). A four and one-half 
year old white female was presented, with a history of a growth at 
the base of the tongue, noted by her mother at age three. The patient 
was asymptomatic except for inability to swallow in the recumbent 
position. Family history, past history and accessory clinical findings 
were unremarkable. Physical examination revealed a healthy four 
and one half year old, weight 38 pounds, height 41 inches. The only 
remarkable finding was a bluish 2.5 x 1 cm mass at the base of the 
tongue which felt slightly cystic on palpation. No external drainage 


' were admin- 


or duct was visualized. Twenty-five microcuries of I'* 
istered and the patient scanned after 24 hours (Figs. 3 and 4). The 
thyroid in this case is in normal position and no uptake was obtained 


over the soft tissue mass at the base of the tongue. 


COMMENT 
The specific affinity of iodine for thyroid tissue makes radioiso- 
tope techniques as accurate as histologic techniques in its positive diag- 
nosis. Scanography lacks the hazards of surgical biopsy and gives 
accessory information as to the entire distribution of thyroidal tissue. 
If the total thyroid gland is represented by the mass (as in Case 1), 
surgical biopsy is not necessary and probably contraindicated. 
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CONCLUSION 


The application of scanographic techniques in the differential 
diagnosis of masses at the base of the tongue in children and in infants 


we believe, is a safe and valuable technique. 
Wake Forest COLLEG! 


REFERENCES 


1. Meschan, Isadore, and Taylor, C. Fred: Adaptation of Polaroid X-ray Paper 
Prints to Radioisotopic Scanner Techniques. In press. 




















Vill 


THE TOO SMALL MOUTH IN PATIENTS 
WITH “PLUMMER-VINSON” 
SYNDROME 


R. J. H. Kruitsinca 
AND 
Eretco Huizinca 


GRONINGEN, NETHERLANDS 


The name “syndrome of Plummer-Vinson’’ is now generally 


known. They were the first to draw attention to the connection 
between hypochromic anemia and dysphagia. Only, they considered 
this a functional disturbance, they spoke of “hysterical dysphagia.” 
It is now certain that the explanation of this dysphagia often lies in 
an organic defect which can be the cause of the growth of cancer. 


It is also often called sideropenic dysphagia. This name is not 
quite correct, as it only covers part of the patients. We are dealing 
here with a syndrome with a great many symptoms, some of which 
may be missing, as, for instance, dysphagia. Iron certainly plays 
a part in this syndrome. But at the moment it seems doubtful wheth- 
er a shortage of iron is always responsible for all disturbances. We 
have seen many patients who had no anemia or a deficiency of iron in 
the blood serum. Other authors have also described this. Appar- 
ently anemia is not so essential a symptom with this syndrome as 
has been formerly assumed. On the other hand, the iron balance 
of these patients is said always to be disturbed. Anyway, it is certain 
that at the moment we are not completely informed about this 
interesting syndrome. 


There is a remarkable difference in geographical spread, it occurs 
frequently in Holland and in the Scandinavian countries, and, it seems 
to us, more in the north of Holland than in the south. 


The purpose of this article is to draw attention to a symptom 
which has from time to time been described in the literature without, 
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Figure | Figure 2 


however, becoming as well known as it deserves. This is the too small 
mouth, a striking feature in most patients, which in Holland was 
pointed out by Wassink.* Already many years ago we were struck 
by the characteristic appearance of patients with the Plummer-Vinson 
syndrome. Figure 1 is a typical example. It shows a woman of 49 
years, a classic case of the Plummer-Vinson syndrome. In this age 
of laboratory research it is perhaps useful to draw attention again to 
symptoms which can be observed simply by inspection. It is there- 
fore quite remarkable that in several handbooks a picture of a Plum 
mer-Vinson patient is not to be found. 


In order to find out the significance of the small mouth, all 
patients who visited the policlinic in the course of one year and who 
were suspected of Plummer-Vinson, were examined for this symptom. 
The starting point was always the dysphagia, which is logical in a 
laryngological clinic. Naturally, in another clinic a quite different 
grouping of symptoms will be found. Those women who visit the 


internist with general complaints, usually fatigue, nearly always 
suffer from hypochromic anemia. Here follows again an enumeration 
of the symptoms with this syndrome, all of which were examined: 
1) dysphagia; 2) a too small mouth; 3) perléche; 4) atrophy of the 
mucous membrane of the tongue and pharynx; 5) falling-out of the 
teeth (most patients get a prosthesis when still young) ; 6) falling-out 
of the hair (often the hair looks very untidy); 7) nail-defects; 
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8) fluor albus; 9) achylia which is refractory against histamine; 
10) deficiency of iron in the blood serum. 


With the help of the internal clinic (Prof. van Buchem) we 
made a careful investigation to see which of the symptoms mentioned 
above could be found. We only took patients (all were women) in 
whom at least seven symptoms were positive. All had dysphagia; as 
we have already mentioned, was this the complaint which caused them 
to come to us. During this year there were nine women with at 


least seven positive symptoms. 


This investigation did not result in any new ideas on the genesis 
of the Plummer-Vinson. All these patients were examined on defi- 
ciencies of riboflavin, folium acid and vitamin B,.. The results were 
completely negative. The excretion of the 17-ketosteroids, gonado- 
trophin and estrogenous compounds also proved to be normal. 


A very simple method was found to demonstrate that the mouths 
of these women really are too small. Figure 2 shows how with the 
help of two spatulae the mouth is drawn broadwise until it becomes 
uncomfortable for the patient; the distance is then read on a measur- 
ing-tape. It could be thought that the perléche is the cause of the 
difference in measure between normal women and women with this 
syndrome. However, in ten women with perléche but without this 
syndrome completely normal values were found. 


In 94 normal women the average breadth of the mouth, measured 
as indicated on Figure 2, was 11 cm. In these nine women with the 
Plummer-Vinson syndrome the breadth was always considerably be- 
low average, e.g., respectively, 8, 8%, 8, 9, 9, 81%4, 8, 854 and 934 cm. 
Thus the characteristic appearance of this syndrome definitely in- 
cludes the too small mouth. Often the diagnosis can be put fairly 
definitely already at first sight. These women often have a sad, 
asthenic face; striking is also the small mouth with perléche, the false 
teeth and untidy hair. Typical examples are given on Figures 1 and §. 
But this last woman had cancer of the mouth of the esophagus. 


Of these nine patients, seven had perléche, seven had smiwoth 
tongues and eight had defective nails, while in only two patients 
hypochromic anemia was found. 


In five patients anomalies were found in the course of the x-ray 
examination and the esophagoscopy. With these patients the x-ray 
examination is difficult; the Waldenstrém* technique must be fol- 
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Figure 3 


lowed carefully. A viscous bariumpap is used, and the patient must 
swallow to order, which often causes difficulties. It is of the utmost 
importance that the photograph is taken at the right moment, as we 
express it: “the photo must be shot.” 


On these patients, as well as on many others, esophagoscopy was 
performed. We must admit that we have seen little of the “webs.” 
On the other hand, many patients showed leucoplakia with easily 
bleeding rhagades, as has been first described in Holland by Gerlings.’ 
There was often an obvious spasm. This was particularly noticeable 
in a woman of 35 with a typical syndrome and a very serious dys- 
phagia, whom we saw a few years ago. In the mouth of the esopha- 
gus was leucoplakia with easily bleeding fissures. The reason for the 
dysphagia lay in a fixed stenosis, which during the first two esophagos- 
copies was thought to be a strongly fibrous scar-stenosis. With the 
first esophagoscopy this stenosis was with some trouble dilated to 
Ch.14 and with the second to Ch.22. With the third esophagoscopy 
the stenosis suddenly disappeared completely, so it was a spasm after 


all. 


Interesting with these nine patients was the fact that among 


them were two identical twins of 43 years of age. This could be 
determined with certainty through examination of blood, sputum and 
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Figure 4 Figure § 


iris. These sisters did not have the typically sad and asthenic appear- 
ance of the Plummer-Vinson, as can be seen in Figures 3a and 3b. 
But again one is struck by: the too small mouth with perléche, the 
prosthesis, the smooth tongue. It is interesting how the circumstances 
in life of these two sisters were quite different; one was a farmer’s 
wife, while the other was the wife of a skipper. The first woman 
came to the clinic because she was suddenly unable to swallow. She 
had swallowed a cherry-stone which had got stuck in the mouth of the 
esophagus and had to be removed by esophagoscopy, again the spasm. 


It is often assumed that there is a relation between Plummer- 
Vinson and carcinoma of the mouth of the esophagus. In Holland 
Wassink has also drawn attention to this. When one has often per- 
formed esophagoscopy on patients with Plummer-Vinson and _ has 
seen the leucoplakia and the easily bleeding rhagades, one does not 


wonder that several of these women get carcinoma later on. 


In the different countries there is a considerable difference in 
statistics about carcinoma, where the percentage of women is con- 
cerned. This can probably be explained by this connection. In 
countries where Plummer-Vinson frequently occurs, we also find 
relatively many women with carcinoma of the esophagus. Esophagus- 
carcinoma is really a disease of elderly men. But in a number of 
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TABLE I 


CANCER OF THE ESOPHAGUS 





MEN 220 WOMEN 80 
UPPER THIRD MIDDLE -+- LOWER THIRD CARDIA 
Men 51 yearsand more 203 17 100 86 
Women 51 yearsand more 52 16 22 14 
Men _ 50 years and less 17 5 6 6 
Women 50 years and less 29 16 8 4 


countries a considerable percentage is formed by women. The aver- 
age age of these women is much younger and the localization of the 
carcinoma is almost high. This appears also from our statistics. 


In Holland Plummer-Vinson as well as high carcinoma of the 
esophagus occur frequently in women. We have considered carci 
noma of the mouth of the esophagus and postcricoid carcinoma as 
belonging to one group. In practice it is usually hard to distinguish 
between these two. 


With carcinoma of the esophagus it is usual to distinguish be- 
tween the following four localizations: high, middle, low, cardia. 
Cardia-carcinoma is nearly always an adenocarcinoma, and in reality 
a gastric carcinoma, which has grown into the esophagus. Table | 
shows the statistics of a continuous series of 300 patients who def- 
initely had cancer of the esophagus; in all these cases the biopsy was 
positive. 


For 220 men we find no less than 80 women, that is a relation 
of less than three to one. This is very different from many statistics, 
where the relation is often found to be ten to one. 


It has also struck us how these women with a high localization 
of carcinoma often have a long previous history of difficulties with 
swallowing, while again and again we noticed that these women so 
often had the same appearance as those with the syndrome of Plum 
mer-Vinson. Here follows a typical example. 


Figure 4 shows the photograph of a woman of 55 with cancer 
of the mouth of the esophagus and the postcricoid region. We had 
seen here ten years previously with a dysphagia, which she had then 
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been complaining about for a long time. She had a very characteristic 
Plummer-Vinson syndrome with hypochromic anemia. She had 
to ke dilated for the spasm of the mouth of the esophagus and she was 
treated in the usual way with large quantities of iron. The therapy 
was soon completely successful, but against our advice she did not 
return for a check-up. Ten years later we saw her again with carci- 
noma. 


When one takes a thorough anamnesis of these women with 
cancer of the esophagus, one repeatedly finds: complaints about swal- 
lowing for a long time. Figure § is a photograph of a woman of 48 
with cancer of this location. It is a classic example of the Plummer- 
Vinson syndrome, nearly all the symptoms were there. Noticeable 
is again the sad asthenic appearance with the untidy hair. The mouth 
is obviously too small and she wears a prosthesis. All her life she 
had had trouble swallowing, increasingly so in recent months. She 
indicated that she had always been troubled by too narrow a gullet. 
This complaint is often heard spontaneously from these patients. 
When we observe again the very small mouth on the photograph of 
Figure § and think of her complaint and the anomalies which are 
objectively found in these patients, then it could indeed be possible 
that the proportions of the mouth of the esophagus are abnormally 
narrow. But if this really is the case, then this cannot be so easily 
expressed in measurements, as was done for the mouths of these 
patients. 


SUMMARY 


Attention is drawn to a little known symptom of the Plummer- 
Vinson syndrome. The mouths of these women are often too small. 
A method is described to express this in measurements. This same 
anomaly is also often found in women with high localization of cancer 
of the esophagus. Statistics of carcinoma of the esophagus in Gron- 
ingen are discussed. It is assumed that there must be a relation be- 
tween the Plummer-Vinson syndrome and the high localization of 
carcinoma in women. Once more the typical appearance of many of 
these patients is pointed out. 
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CHEMICAL BURNS OF THE MOUTH, 
PHARYNX AND ESOPHAGUS 


Bossy R. ALForpb, M.D. 
HerBertT H. Harris, M.D. 


Houston, TEXAS 


A distressingly perplexing problem is often presented by the 
patient who has ingested a corrosive substance. The over-all incidence 
of this problem may have been reduced as a result of legislation insti- 
gated by Chevalier Jackson in 1927; however, it is still a frequent 
problem in our area of the United States, where alkali and phenol are 
used by the low economic group to make soap, clean or disinfect. 
The problem is not confined to the United States and must be a 
universal one, because papers on this subject have been reported from 
Russia,”” South Africa,’ India,’ Formosa,'* Singapore,’* Yugoslav- 
ia,'' and other countries. 


In the twelve years between 1946 and 1958, 118 patients were 
admitted to Jefferson Davis Hospital with chemical burns of the 
mouth, pharynx, or esophagus (Table I). Seventy-nine of these 
patients were in the pediatric age group. These patients were ad- 
mitted to the pediatric service and managed jointly from the begin- 
ning by that service and the otolaryngology service. In recent years 
it has been the policy for the otolaryngology and general surgery 
services to work together with respect to the long-term management 
of these problems. 


ANALYSIS OF CASES 


Alkali burns accounted for 96 of the 108 cases. As noted above, 
79 patients were less than 14 years of age. Twelve patients had 
burns caused by acids, usually phenol, but in two instances, hydro- 
chloric acid. Acid ingestion resulted in only two esophageal burns, 
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both at the cricopharyngeus; however, neither of these patients devel- 
oped strictures. There were no deaths caused by acid ingestion, and 
only one patient manifested systemic phenol effects. 


Thirty-two of the 96 patients with alkali burns had esophageal 
burns (Table II). Fifteen of these had burns at the cricopharyngeus, 
10 had burns in the middle third of the esophagus in the region of 
the aorta, or left main stem bronchus, 11 patients had burns at the 
cardia, and 6 patients had diffuse esophageal burns (Table III). There 


rABLE I TABLE Il 


CHEMICAL BURNS OI 
MOUTH, PHARYNX AND 


ESOPHAGUS ALKALI BURNS (96 Cases) 
JEFFERSON DAVIS HOSPITAI 
1946 - 1958 
Alkali Burns 96 Number with Esophageal Burns 32 
Acid Burns 12 Number Forming Strictures 17 
— Number Deaths § 


Potal 108 


seemed to be very little relationship between the burns in the mouth 
and the presence of esophageal burns, except that every patient with 
an esophageal burn had burns somewhere in the mouth or pharynx. 
No relationship existed between these patients with esophageal burns 
and the form of alkali ingested; all forms (crystal, powder and liq 


uid) caused burns of the esophagus. 


With respect to the relationship between oropharyngeal burns 
and esophageal burns, it is important to note that seven patients with 
esophageal burns had no evidence of posterior pharyngeal burn. Five 
patients with esophageal burns had no evidence of damage to the 


anterior pillars, or pharynx. 


Seventeen patients who ingested alkali formed strictures of the 
esophagus requiring treatment. The most common place for stricture 
formation in our group of patients was the middle third of the 
esophagus, where six patients formed strictures. Four patients 
formed multiple strictures. Four patients had strictures at the crico- 
pharyngeus and three patients had strictures at the cardia (Table IV). 


Spontaneous esophageal perforations occurred in two patients, 
one of these resulting in death. One patient perforated at the anasto 
motic site of esophagogastrostomy and subsequently died. 
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We have managed satisfactorily with dilatation 11 of the 17 
patients with strictures. None of these 11 patients require dilatation 
at the writing of this paper, but are given clinic follow-up visits for 
re-evaluation. 


Operative procedures have been performed on six patients with 
esophageal strictures, all refractory to dilatation (Table V). Four 
patients had esophagogastrostomies, one had a segmental esophagec- 
tomy and one patient has had an antethoracic ileocolic transplant. 


TABLE III TABLE IV 
LOCATION ALKALI BURN LOCATION OF STRICTURES 
Cricopharyngeus 15 Cricopharyngeus 4 
Middle Third 10 Middle Third ( 
Cardia 11 Cardia 
Diffuse 6 Multiple 4 


There have been five deaths caused by alkali ingestion (Table 
VI). Two patients died within 48 hours of perforation of the esoph- 
agus or an abdominal viscus and aspiration. One patient died after 
11 days as a result of aspiration pneumonia. One died as a conse- 
quence of esophageal perforation at dilatation; and one died as a result 
of perforation at the site of esophagogastrostomy. 


COMMENT 


Certainly more rigid controls over the availability of these agents 
should be strived for, because most of the patients who ingest them 
are much too young to realize the dangers. Also, it seems unnecessary 
for this problem to arise in view of the safe inexpensive soaps, cleaners, 
and disinfectants available today. 


The pathological changes incurred by the acid and alkali are 
well reviewed by Burford.* The coagulative necrosis with increased 
inflammatory reactions caused by acids probably accounts for the 
apparent limitation of damage by them; the result is fewer strictures. 
This is well-corroborated by the 12 patients in this series who ingested 
acid. In contrast, the liquefactive necrosis caused by alkali agents 
definitely has untoward effects. 


As noted in the analysis of cases, 33 per cent of our patients 
who ingested alkali had esophageal burns; over 50 per cent of these 
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resulted in strictures requiring treatment. This agrees well with the 
incidence of stricture formation reported by Hands,'* and Marchand'® 
and with the incidence of burns of the esophagus reported by Gusic."' 

The previous percentages point out the practical importance of 
endoscopy in determining whether or not an esophageal burn exists. 
Economically, it is important to determine early if any treatment of 
the esophagus will be required. Davis” examines the patient endoscop- 
ically in 48 hours, Marchand'’ one week, Cody’ in four to five days, 


TABLE V TABLE VI 


OPERATIVE PROCEDURES CAUSE OF DEATH 
PERFORMED 


Esophagogastrostomy 4 Immediate Perforation of 
Esophagus and Aspiration 2 


Segmental Esophagectomy l Aspiration Pneumonia l 


Perforated Esophagus 
Antethoracic Ileocolic Transplant 1 Secondary to Dilation l 


Perforation Site of 
Esophagogastrostomy | 


Brophy* in three to ten days, Hands'* in two or three weeks, Daly‘ 
in the first two weeks, Burford’ in three weeks, and Buckman’ in four 
weeks. It is pertinent to point out that we have performed diagnostic 
esophagoscopies on 69 patients within the first two weeks. None of 
these patients had complications due to endoscopic examination, and 
no burns were missed by the endoscopist. 


Candidates for surgical reconstruction include those patients 
with complete stenosis without a lumen, those patients with marked 
irregularity, or fistula formation, those patients who cannot be dilated 
because of complications secondary to dilatation and strictures that 
cannot be kept open by dilatation. These criteria agree with those 
of Daly,” Finnerty,'® and Hanckel.'” 


Thirty-five per cent of our patients with strictures have been 
unsuccessfully treated by conservative management and have required 
surgical reconstruction. This is in close accordance with the experi- 
ence of Marchand,"‘ who reports that 41 per cent of his patients have 
to be operated upon. For the largest number of operated cases with 
strictures, the reader is referred to Petrov,'” who with Yudin’s*” cases, 
has had experience with 634 patients subjected to esophageal recon- 
struction. 
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Many types of operative procedures have been suggested, how- 
ever, One must recognize that surgical reconstruction also has its 
problems. This is particularly exemplified in our group of operated 
cases where it has been noted that esophagogastrostomy has the prob- 
lem of anatomic limitation and stenosis at the anastomotic site, requir- 
ing revision, or dilatation postoperatively. Jejunal and ileocolic trans- 
plants are complicated by stricture formation at anastomotic sites and 
occasional infarction of the transplant due to insufficient blood supply. 
Quite frequently it is difficult, hazardous, and unjustified to remove 
the burned esophagus. Also, it is difficult at times to be sure the 
anastomosis is above the extent of the stricture. 


In recent years adrenal steroids have been used by many. We 
used steroids in only four patients, none of whom when examined had 
esophageal damage. Obviously this small group of patients has little 
meaning. For additional information about the experimental and 
clinical use of these agents, the reader is referred to papers by 
Pfundt,*” Weisskopf,** Rayes,”’ Rosenberg,** Dagradi,” and Smith.** 


Certainly, when presented a patient who has ingested one of these 
chemicals, we believe that the best management is accomplished by a 
combined approach to the problem by the otolaryngologist and the 
surgeon. However, it is to be understood that the best treatment for 
ingestion of corrosive chemicals is neither dilatation nor surgical 
reconstruction, but absolute prevention. 


SUMMARY 


1. Chemical burns of the mouth, pharynx and esophagus are 
relatively frequent problems in our area of the United States. 


2. One hundred and eight patients with chemical burns of the 
mouth, pharynx, or esophagus were studied. Twelve patients ingested 
acids without stricture formations, or death. Ninety-six patients in- 
gested alkali. Thirty-two patients ingesting alkali had esophageal 
burn, and seventeen of these developed strictures. Five deaths due to 
alkali ingestion occurred. 


3. There is very little relationship between esophageal damage 
and the form of ingested chemical, or extent of oral burn. 


4. Esophagoscopy early is a safe, practical way to determine the 
extent of the burn. 
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§. Strictures of the esophagus formed most frequently in the 


middle third. 


6. The majority of patients with strictures can be managed by 
dilatation. Thirty-five per cent require surgical reconstruction. 


7. A combined approach to the problem by the otolaryngologist 
and general surgeon is the best practical management today. 
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ELECTRON YSTAGMOGRAPHIC STUDIES 
OF VESTIBULAR FUNCTION 


METHOD AND PROCEDURE 
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New York, N. Y. 


PRINCIPLES OF OBJECTIVE NYSTAGMOGRAPHY 


All recent investigators agree that the accepted methods of clin- 
ical vestibular tests are rather unreliable. Almost each examiner is 
accustomed to his individual standards of rotatory and particularly 
of caloric testing. Thus, the results of different clinics cannot be 
directly compared. The source of greatest error stems from the fact 
that nystagmus is customarily observed in a subjective manner. 
Again, all authors agree that it is very difficult to watch at the same 
time for the various characteristics of nystactic movements and to 
describe their magnitudes in semantic terms. Moreover, the fine 
details of all ocular movements, such as their precise onset, frequency, 
amplitude, regularity, duration, and termination, cannot be ade- 
quately recognized by the naked eye. Unless a permanent graphic 
record of all details of the entire nystagmus pattern is obtained, no 
objective and exact comparison of different test results can be at- 
tempted. Many authors experimented with such objective methods. 
For the purpose of a survey one may distinguish procedures with 
mechanical, optical, photographic, photoelectric, and electrographic 


principles. 


1. Around the turn of this century mechanical and optical sys- 
tems were tried. Dewar® or LeHeux and DeKleyn™ accomplished a 
graphic record by connecting writing rods to the anesthetized cornea. 
Eye movements were then transcribed on a moving paper strip. A 





From the Department of Research, New York Eye and Ear Infirmary. This 
study was aided by the John Hartford Foundation. 











130 ARNOLD-GIULIANI-STEPHENS 


manometric system connected to a rubber cup placed over the eye was 
used by Ohm.*' Kuilman'® continues to employ an optomechanical 
principle. It is valuable for the demonstration of rotatory nystagmus. 


2. Photographic methods attracted much interest, such as the 
attachment of small mirrors over the closed eyelids which reflected a 
light beam on a continuously moving film.** Similar principles were 
employed by numerous other investigators (Linthicum, Struycken, 
etc.). For practical purposes it is time consuming to await the photo- 
graphic development of the film. 


3. Photoelectric methods. Van Gemert and Duyff* placed a 
contact glass on the eye. It was connected to the mobile plate of a 
parallel-plate air capacitor. Rotation of the contact glass as a result 
of horizontal nystagmus causes a capacity change in the capacitor. 
This is part of a high frequency voltage divider, the output of which 
is rectified, amplified, oscilloscopically recorded, and filmed. Due to 
the direct connection between the contact glass and the eye, these 
authors claim a strictly linear relationship between the oscilloscopic 
spot deflection and the degree of eye rotation. Hence, this type of 
nystagmogram is said to present a direct and immediate record of 
actual eye movements without the need of further differentiation. A 
practical disadvantage is the difficulty in applying and handling con- 
tact glasses, which may also modify the eye movements. 


Torok, Guillemin and Barnothy" utilized a photoelectric cell to 
record variations in the reflection of an infra-red light beam focused 
on the corneoscleral margin in such a way that it falls partly on the 
sclera and partly on the iris. Asa result of nystactic eye movements, 
the portion of the light beam reflected from the sclera increases and 
decreases at the rhythm of the nystagmus. The proportional changes 
in reflected brightness produce a photo-electrically generated current 
which is amplified and actuates a direct pen writing recorder. Again, 
this photo-electric nystagmogram reveals the eye movements directly 
and accurately. The photo-electric registration by Pfaltz and Rich- 
ter** employed two photo-electric cells for the recording of homo- 
geneous illumination of the moving eyes. All these methods share 
the disadvantage that the eyes must be kept open. The blinking 
reflex interferes with the continuity of the record. 


4. Electrographic methods of recent times permitted the devel- 
opment of objective nystagmography to its present stage.** An ac- 
count of various attempts in this direction was given by Torok, 
Guillemin and Barnothy.** They also quoted the bibliographic sur- 
vey by Marg.*” The physiologic basis of electric nystagmography 
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Fig. 1.—Placement of electrodes for vertical and horizontal registration 
of nystagmus and code for polarity arrangement according to Bergman. 


(ENG) is the recording of changes of the constant corneoretinal 
potential, particularly of its standing potential, in fixed skin elec- 
trodes placed around the eye. This corneo-retinal potential was 
discovered by DuBois-Reymond in 1849 and thoroughly investigated 
and defined by Mowrer in 1936.*" Since the posterior part of the 
eye with the retina is electro-negative, and since the anterior segment 
with the cornea is electro-positive, all movements of the eye will cause 
a change of this potential in relation to suitably placed electrodes. 
This is known as the Mowrer principle. A detailed account of its 
theory and some mathematical evaluations were presented by Marg in 
1951. 


It is important to remember that the graphic records must be 
interpreted according to the type of amplifiers used. With a direct 
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Fig. 2.—Another method of electrode placement. N==nasal, T—tempo 
ral, 1-2: horizontal lead, 1-3: vertical lead. Note suitable distances. 
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Fig. 3.—Code of polarity adjustment and interpretation of electrical 
deflections according to Montandon. 


current amplifier, the change in the voltage recorded through the 
electrodes is proportional to the angle displacement of the eye.** With 
an alternating current amplifier, or in case of a capacitative connec- 
tion between leads and amplifier, the nystagmographic curve contains 
a differentiated translation of several modalities of the eye move- 
ments: direction, angular deflection, frequency, and acceleration. For 
this reason the graphic record gives no information on the stationary 
location of the eye. The slope of each individual deflection corre- 
sponds to the acceleration of the ocular movement. The amplitude 
of the graphic deflection represents rather the velocity of the eye 





Fig. 4.—Arrangement of contact glass electrodes according to J. Jacob 
son. Polarities may be adjusted as desired, 
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movement. In this manner a sharp rise from the base line indicates 
a rapid change in position, whereas a gradual rise represents a posi- 
tional change with slow acceleration. A high amplitude means a 
rapid eye movement, while a low amplitude signifies a movement 
of slow velocity. Therefore, the ENG must not be misconstrued to 
depict the actual pattern of the eye movements. The pen will return 
to its base line, even though the eye remains in an abducted position. 
It remains a problem of standardized, calibrated, and integrated re- 
cording to correlate the nystagmogram with the clinically important 
modalities of nystactic eye movements. 


While the first electronystagmographic recordings were achieved 
with EKG equipment,’**'**** present investigators prefer the stand- 
ard instruments for EEG. In spite of diligent work in many institu- 
tions, no general agreement on a standardized procedure has yet been 
reached so that the electronystagmograph remains an experimental! 
tool for the time being. This is one of the reasons for the continuous 
elaboration of other means of electrographic recording. 


Modifications of nystagmographic procedure were suggested by 
several other authors. Henrikson*’® demonstrated how the speed of 
the slow nystactic phase can be read directly from the amplitude of 
the ENG curve. A precise measurement of the threshold values for 
the various phases of rotatory nystagmus was achieved by Montan- 
don:**** 1°/sec* for deceleration nystagmus. Stahle*’ described aver- 
age normal values for the caloric ENG. Detailed accounts of techni- 
cal problems were discussed by Pivotti and Lucarelli.“**° According 
to Reich,** a differentiation between central, vestibular, and ocular 
nystagmus may be achieved by the simultaneous registration with 
the time constants used for EEG, EKG and EMG. 


Mahoney, Harlan and Bickford’® concurred with Dieterle and 
Monnier‘ in stressing the variability of routine caloric test results, 
because they depend on many physiologic factors. They employed 
the technique of ENG for a study of such modifying factors. In 
addition to the general criteria of vestibular response, namely, 1) la- 
tency, 2) amplitude, 3) frequency, and 4) duration, these authors 
consider the graphic record valuable for two further qualities of 
nystagmus pattern: §) amplitude stability and 6) frequency stabil- 
ity. Observations were made regarding the effect of fixation, vision, 
eye closure, and mental activity on caloric nystagmus. As the influ- 
ence of fixation was reduced, the rate of the nystagmus decreased, 
while its amplitude increased. Parallel with this change, the fre- 
quency and amplitude stabilities appeared diminished. Similar observ- 
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ations were reported by Aso,” Kirsten and Schoepfer,'* Aschan and 
Bergstedt,*''* as well as Montandon and Russbach.*” Further details 
of the findings by Mahoney'’ and collaborators are summarized in 


Table I. 


: 


rABLE I 


AVERAGE AMPLITUDE, FREQUENCY, AND DURATION 
OF CALORIC NYSTAGMUS RECORDED 


AMPLITUDE FREQUENCY DURATION 

(degrees ) (seconds) (seconds) 
Fixation at 30 cm (18 subjects) 3.3 3.1 102 
Eyes gazing into infinity (14 subjects) 6.0 2.3 119 
Frenzel glasses (16 subjects) 12.0 2.2 132 
Eyes open in dark (16 subjects) 13.0 2.2 15s 
Eyes closed (18 subjects) 19.0 1.9 184 


PROCEDURE OF ELECTRON YSTAGMOGRAPHY 


In agreement with Bergmann, Nathanson and Bender,’ Montan- 
don, Monnier and Russbach,** Mahoney, Harlan and Bickford’ and 
other authors, we feel that the most practical method for further ad- 
vances in electronystagmography is the use of standardized equipment 
readily available in larger hospitals. This is the electroencephalograph. 
At present, we are working with the Grass Model III D. It records 
graphic curves with controllable paper speed. It was found that 
among several available time constants (EKG=-0.3, EEG=0.1), the 
EMG time constant of 0.05 with a paper speed of 1.5 to 3 cm per 
second was most advantageous for our purposes. Suitable filters were 
used for the elimination of distracting potential changes of higher 
frequencies generated elsewhere in the body. Generally, a calibration 
of 100u4V with an amplication of five times was found practical 
in all recordings channels. 


Electrodes are standard silver plates with a diameter of one quar- 
ter inch. These are fixed to the skin by means of EKG jelly and black 
electrical tape. The position of the electrodes around the patient’s 
eyes varies according to the specific purpose of recording. Bergman, 
Nathanson and Bender’ recommended the following arrangement: 
one electrode above, and one below each eye, one lateral to each outer 
canthus, and one on the bridge of the nose (Fig. 1). In this manner, 
the superior-inferior electrode pairs record vertical movements and 
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are connected through channels | and 2 of the electroencephalograph, 
while the temporal-nasal electrodes through channels 3 and 4 record 
the horizontal movements. The polarities are adjusted in such a way 
that upward movements of the eyes are recorded as upward deflections 
of the recording pens and downward movements as downward deflec- 
tions. In the horizontal recordings, a movement to the right produces 
an upward deflection of the pens, and a movement to the left results 
in a downward deflection. 


Montandon, Monnier and Russbach* specified another arrange 
ment with constant distances between the electrodes. They selected 
a vertical lead from the superior and inferior orbital margins, with a 
maximal distance of 6 cm between the electrodes, and an axis 3 to 4 
mm medially to the center of the pupil. For the horizontal lead, 
the lower electrode of the vertical pair was used together with a third 
electrode, placed 2 cm laterally from the former, along the inferior 
edge of the orbit (Fig. 2). These authors also suggested a convention 
on the polarity of the electrode connection in the following manner: 
abduction of the eyeball results in upward electro-negative ENG 
deflection; adduction (convergence) produces downward electro- 
positive deflection; upward gaze is expressed by downward electro- 
positive deflection; and downward gaze corresponds to upward elec- 
tro-negative deflection of the ENG curve (Fig. 3). As can be seen, 
this arrangement yields inverted results as compared with the state- 
ments of the previous paragraph. 


Apart from these external applications, the principle of contact 
glass electrodes may also be used. We tried in several cases to apply 
the contact lenses type KARP, modified by J. Jacobson. In addition 
to the contact lens electrodes, one then needs only a second electrode 
at the external canthus and a third electrode at the center of the upper 
orbital border of each eye (Fig. 4). However, contact electrodes have 
two disadvantages. One, they are disturbing to the subject and may 
cause minor irritations of the cornea with consequent displeasure of 
the patient. Two, any foreign body applied directly over the eye may 
interfere with the fine details of nystactic movements, thus introduc- 


ing an extraneous artefact into graphic recording. 


COMMENT 


In the course of initial pilot study, we tried to gain experiences 
with the various methods and procedures recommended by previous 
authors. We selected a random group of patients with ear complaints 
from our clinics, and tested their vestibular function by administer- 
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70 


10 


»() 


30 


40 
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DURATION 
SEC 
ENG SUBJ 
62 40 
200 90 
160 100 
130 90 
450 80 
220 70 
110 60 
140 100 
150 160 
150 R5 
125 60 
100 60 
210 50 
180 95 
180 140 
240 120 
250 190 
180 130 
250 180 
350 180 
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140 15 
45 10 
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Fig. 5.—Electronystagmogram (ENG) recorded with contact glass 
electrodes and time constant for electromyography (EMG=0.05). Note 
polarities, direction of eye movements, and frequency per second. Case 12: 


39 sec after stimulation of AD, normal response. 
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Fig. 6.—ENG recorded with contact glass electrodes and time constant 


for electroencephalography (EEG==0.1). Same (Case 12) at the same mo 


ment as in Figure §. 


ing the caloric test in the customary manner of this institution. Dur- 
ing a first test, the vestibular reaction was observed subjectively, while 
at a later hour the same test was repeated with ENG recording. Fre- 
quently, both the subjective observation and the graphic recording 
were done concurrently. No particular emphasis was placed on a 
minute definition of all qualities of the test stimulus at that time. 
However, a gross comparison between the subjective visual observation 
of caloric nystagmus and the ENG recording of eye movements dem- 
onstrated promptly the frequently reported superiority of objective 
nystagmography. 


Some of our findings are summarized in Table II. It can be seen 
that the magnitude of a vestibular reaction corresponds to the values 
of its latency, total duration, frequency, degree and amplitude.” 
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Fig. 7.—ENG recorded with skin electrodes (comp. with Figure 1) 
Case 1, 68 sec after stimulation of AS. 
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Fig. 8.—Bipolarity of nystactic beats. Case 4, weak response with 
nystagmus of I. degree, 40 sec after stimulation of AS. 


However, we did not mention the amplitude values, because they re- 
quire a precise calibration of the recording equipment and systematic 
calculation of the curves. This will be discussed at a later date. With 
regard to the recording technique, we made the following observa- 
tions. 


At first we tested with contact glass electrodes. They produce 
curves with large amplitudes which are easy to count. Figures 5, 6 
and 7 illustrate the differences of records obtained with and without 
contact glass electrodes. As stated before, this procedure is unpleasant 
for the patient and may produce an inhibiting influence on the fine 
details of nystactic eye movements. Therefore, we do not recommend 


the use of contact lenses except for special purposes. 








VESTIBULAR FUNCTION 139 








| RIGHT 
oD —————~ ~~ : a nee smenediimestanen ane 
RienT 
- 
J§ SEC. 


Fig. 9.—Nystagmus intensity at midpoint of its duration. Case 10, 
weak response with nystagmus of II. degree, one beat per second, 49 to 54 
sec after stimulation of AS 
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Fig. 10.—Nystagmus intensity at the end of reaction. Same case as in 
Figure 9. Nystagmus of II. degree, one beat in 2 sec, 91 to 95 sec after 


stimulation of AS. 


It is a matter of general agreement that ENG shows many fine 
details of nystagmus which escape the observation of the naked eye. 
All time values are defined with great precision and differ again from 
the rather crude estimates by subjective inspection. In general, the 
latent time between the end of stimulation and the onset of nystagmus 
is much shorter on the ENG record. The duration of the nystagmus 
appears much longer, partly because of the shortened latency, and 
partly because the decaying end stage of nystagmus escapes the mere 
visual detection. Often, a higher degree of nystagmus may be noted 
on the ENG chart, while the unaided eye saw only nystagmus of first 
or second degree. Frequency cannot be determined precisely, except 
by actual counting of the recorded beats per time interval. Lastly, 
the amplitude of the eye movements as interpreted from the graph, 
presents the most important criterion of vestibular reaction. All these 
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Fig. 11.—Pendulous nystagmus at the end of reaction. Case 15, re- 
duced response with weak nystagmus of I. degree and five beats in 4 sec, 37 
to 40 sec after stimulation of AS. 
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Fig. 12.—Dicrotic nystagmus during first third of a normal vestibular 
reaction time. Case 20, nystagmus II. degree, double nystactic beats at the 
rate of one per second, 47 sec after stimulation of AD. 


factors are easily confirmed. In addition to these constant physiologic 
observations, we were confronted by several peculiarities. 


In several cases (4, 12, 18, and 19) we found a bipolarity of 
the nystactic beats. Figure 8 shows first a positive deflection, corre- 
sponding to an eye movement in the direction of the expected quick 
component of the nystagmus. Shortly later, namely 0.2 to 0.4 sec, a 
second beat in the opposite direction is marked by the deflection with 
negative (or inverted) polarity. It is possible that this second eye 
movement is related to the slow component of the nystagmus. Such 
phenomena are now being investigated. 


One of the major advantages of ENG is the accuracy in the | 
determination of the gradually subsiding vestibular reaction. As is 
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well known to every clinical observer, the initially strong nystagmus 
decreases with a certain decrement. However, little information is 
available with regard to the precise values of the time-intensity rela- 
tion of these variable decrements. Figures 9 and 10 illustrate the 
relative magnitudes of the subsiding reactions at two different mo- 
ments. It is merely a matter of time to calculate the modality of the 
nystagmus beats and to correlate them with the course of the caloric 
reaction. Such calculation produces the decrement curve for each 


case. 


Many times the ENG record modifies the subjective clinical 
observation. For example, during the ENG test of case 15, the 
examiner who watched the eyes gained the impression of a reduced 
caloric response with grossly irregular eye movements. The subse- 
quent analyisis of the ENG chart showed perfectly regular and 
rhythmic nystagmus. However, we see a constant succession of nys- 
tagmus beats to the right and left reminiscent of a pendulous nystag- 
mus (Fig. 11). 


Distinctly different from these observations of heterodirectional 
beats and pendulous motions was the following type of nystactic di- 
crotism. In Figure 12, we see a pair of isodirectional nystactic beats 
of both eyes at the rate of one per second. At first, that is at the 
left of the curve, there appears a pair of beats separated by a time 
interval of 0.2 sec. After a pause of about 0.6 sec, a second pair of 
isodirectional beats is seen. This is followed after 0.8 sec by a couple 
of beats which are 0.4 sec apart. The remaining right half of the 
graph shows three further pairs of isodirectional beats with time 
intervals of about 0.2 sec and separated by pauses of 0.6 to 0.8 sec. 


CONCLUSIONS 


After many years of specialized interest, and 20 years since the 
discovery of the electrophysiologic basis of nystactic recording, the 
method of electronystagmography is now ready to emerge from the 
realm of theoretical investigation into the domain of practical appli- 
cation. It remains to arrive at a precise calibration and a standardized 
procedure, in order to present the clinician with a reliable and simple 
tool of routine examination. A perusal of the literature seems to 
indicate that the time has come to proceed with such attempts at 
calibration and uniform registration. One may compare the present 
position of nystagmography with the situation of audiometry 30 
years ago. It will probably require considerably less effort to promote 
ENG to a level comparable with the present advance of audiometry. 
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This comparison of the precise measurements of hearing and of 
balance appears justified from another viewpoint. Audiometry has 
superseded the classical methods of tuning fork tests, because a more 
objective, precise and graphic system for the measurement of hearing 
was needed. Nystagmography bears the same relationship to the 
subjective methods of visual observations for vestibular nystagmus as 
does audiometry to tuning fork tests. Therefore, nystagmography 
is generally accepted as much more precise and informative. It even 
offers further advantages: compared with pure tone audiometry, the 
ENG is as accurate but more objective; in comparsion with PGSR 
audiometry, the ENG appears as objective but more accurate and 
reliable. 


SUMMARY 


1. Reviewing the bibliography, one finds a great number of 
methods and principles for objective nystagmography. The majority 
of authors seem to prefer the standard equipment for EEG recording, 
which is readily available in large hospitals. Various modifications 
of procedure indicate the need for a preferable and uniform system 


of ENG. 


2. At the present stage, it seems most important to arrive at a 
precise calibration and standardized procedure. Once these will be 
achieved, ENG will become as widely accepted as audiometry is now. 


3. We defined the most important details ot our present ENG 
techniques and described a number of general observations which are 
the basis for further investigations. In particular, we reported three 
peculiar patterns of caloric nystagmus which were observed several 
times, namely, a bipolarity of nystagmus, a form of pendulous nystag- 
mus, and dicrotic nystagmus. 
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XI 
ELECTROPHYSIOLOGICAL STUDIES OF THE 
LABYRINTH OF THE GUINEA PIG 


I. THE DC RESTING POTENTIALS OF THI 
SEMICIRCULAR CANALS 


D. Trirncker, M.D. 


ERLANGEN, GERMANY 


Since the early times of Mach, Breuer, Crum Brown, and Ewald, 
the acoustical and the non-acoustical part of the vertebrate labyrinth 
have been thought to be two separate receptor systems, connected 
with each other only topographically or by phylogenetic and onto- 
genetic development, but characterized by a behavior, functionally 
rather different. At present, however, the analysis of the biopoten- 
tials sms to make comparable the processes, in both cases being in- 
volved in the transformation of the adequate mechanical stimulus into 


receptor excitation. 


Inside the cochlear partition and in the perilymph of both scalae, 
von Békésy’* measured the dc resting potentials.*| This work, very 
successful indeed, was confirmed by Tasaki, Davis, and Eldredge,” 
and by Gisselsson." Therefore, it seemed a rather interesting task to 
check the analogous potentials in the nonacoustical part of the ear 


labyrinth. 


The measuring equipment contained two electrometer valves 
(Valvo 4060) in a bridge circuit with a high sensitive galvanometer. 
The one received the potential from the measuring electrode against 
an indifferent one, the other from a reference electrode likewise 
against the indifferent electrode. As microelectrodes, glass capillaries 
were used, filled with silver solder (according to Svaetichin’). For 
measuring outside the membranous labyrinth they were 10 to 25 
thick at the point, for measuring inside the ampulla even less than 
1 


The measurements in the perilymph surrounding the ampulla 
and the membranous semicircular canal yielded the existence of a posi- 
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Cochlea Semicircular canals 
(v. Békésy) (Trincker) 


Resting potentials of the perilymphatic space: 


mV Vestibule 





sermeircular canal 


Resting potentials against the perilymph: 


Walls of the endo- about 
lymphatic system: -20mV -90 to -220mV 


Endolymph : + 50mV + 385 to+43,.0mV 
Cupula, surface: +630 to+755mV 
Cupula, interior: -65 lo+75,0mV 


Cells of Hensen Cells of the crista 
and Claudius: | ~40mV ampullaris: - 385 to-570mV 
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Fig. 1.—D.C. resting potentials of the labyrinth of the guinea pig. 
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tive potential against the outer surface of the bony wall. This poten- 
tial rose from the canal to the middle of the ampulla about 1.0 to 1.5 
mV (Fig. 1). 


Against the outer side of the crista ampullaris all the other sur- 
faces of ampulla and canal showed positive potentials with a maximum 
in the middle of the ampulla. Here, the potential amounted to 550 
to 635 wV, in the marginal zones of the ampulla and over the adjacent 
part of the canal to 210 to 240 nV. This potential maximum was 
abolished after rinsing the cupula out of the ampulla (by an experi- 
mentally produced endolymph streaming). A potential reversal was 
observed during anoxia or after damage of the cupula. 


Inside the walls of the ampulla and of the canal, a negative po- 
tential amounting to 9.0 to 22.0 mV against the perilymph was found. 
The endolymph showed rather constant values, 38.5 to 43.0 mV posi- 
tive against the perilymph (Fig. 1). At the surfaces of the cupula, 
a higher positive potential was measured: 63:0 to 75.5 mV. The 
potentials inside the deeper layers of the cupula were rather varying. 
The positive potential amounted to 65 to 75 mV near the crista and 
to §§ to 65 mV near the top of the cupula. But between these higher 
positive potentials, there existed much lower ones which dropped 
even to weak negative values (—6.5 mV). These potential decreases 
were rather frequent and deep near the crista, but rare and small near 
the top of the cupula. The spatial distances from one to the other 
point of lower potential were of average distance of the hair-like 
processes, roughly estimated from the number of hair cells in the 
crista surface. 


The crista showed a potential, always negative against the peri- 
lymph: 38:5 to 43.5 mV in the lateral parts, something more inwards 
42.0 to 57.0 mV. Like the perilymphatic potential, the positive 
potential of the endolymph, rather high in the ampulla, decreased 
markedly along the canal. There never existed any significant differ- 
ence between the potentials from the horizontal canal and its ampulla 
on the one hand and those from the vertical canals and ampullae on 
the other. 


These results from the nonacoustic part of the labyrinth are 
generally in accordance with the measurements of von Békésy in the 
cochlea. 

A more detailed communication is published in German in the Pfliiger’s Archiv 


f. d. ges. Physiologie 264:351-382, 1957. This work was supported by a grant-in 
aid of the Deutsche Forschungsgemeinschaft. The author’s special thanks for sug- 
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gestion and invaluable advice are due to Professor Dr. O. F. Ranke, Director of the 
Physiological Institute of the University of Erlangen. 
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Il. THE CHANGES OF THE DC POTENTIALS INSIDE THI 
AMPULLAE OF THE SEMICIRCULAR CANALS DURING 
EXPERIMENTAL CUPULA DEVIATIONS 


D. Trincker, M.D. 


In the preceding communication, the author reported his results 
concerning the dc resting potentials of the semicircular canals. But 
a mere inventory of existing potential differences would be a rather 
unsatisfying upshot. A quite more interesting question arose here, 
the question whether or not changes of the resting potentials occur 
following adequate stimulation by experimental cupula deflections. 
Fortunately, he had learned the methods to produce experimental 
cupula deviations of the late Prof. Dr. Steinhausen.’* But these 
methods involved an opening of the membranous labyrinth, of the 
partition wall between endolymph and perilymph. New methods 
had to be developed to avoid the breakdown of the potential differ- 
ence between endolymph and perilymph. 


The first way to produce endolymph movements was compressing 
the membranous canal by two counter-directed streams of warm 
Ringer’s solution. The membranous canal was embedded in an arti- 
ficial gelatine wall, occluding the perilymphatic space. Directing 
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the streams to one side of the gelatine wall or the other, endolymph 
movements and the following cupula deviations were produced in 
both directions. The second way was ligating the membranous canal 
and compressing it on both sides of the ligature by gradually pulling 
on circularly applied thin human hairs. The third way was embed- 
ding the canal in gelatine and carefully introducing a very fine capil- 
lary to exercise both pressure and suction forces. 


The optical properties of the living cupula do not permit an 
immediate visual discrimination against the endolymph. Therefore, 
in order to get an exact control of the degree of cupula deflection 
it must be stained. China-ink, diluted with Ringer’s solution, was 
instilled by a microcapillary. 


At first, measuring at the surface of the ampulla, a shift of the 
potential maximum during cupula deviations was detected. In the 
case of deviations of extreme degree, this shift of the maximum corre- 
sponded obviously with the actual cupula displacement. But this 
phenomenon seemed not to be of any physiological significance. 
However, together with the maximum shift substantial potential 
changes occurred, though they were rather weak and much more 
exactly measurable by recording the analogous changes inside the 
ampulla. 


During experimental cupula deviations (of a degree between 
25° and 80°, in steps of 5°), the potential changes were measured in 
the endolymph, at the cupula surface, and in the lateral parts of the 
crista ampullaris, bearing hair cells. In the crista of the horizontal 
(i.e., lateral) ampulla, an utriculopetal cupula deviation always pro- 
duced a potential decrease, an utriculofugal one a potential increase. 
In the anterior vertical ampuila, the potential changes were in all 
cases of opposite direction. In other words, a depolarization was 
caused by utriculopetal cupula deflections in the horizontal ampulla 
and by utriculofugal deflections in the anterior vertical; hyperpolariz- 
ation was caused by utriculofugal deflections in the horizontal am- 
pulla and by utriculopetal ones in the anterior vertical. (The 
posterior vertical ampulla, not checked here, must behave like the 
anterior following Ewald’s law.) The potential differences were the 
highest in the crista, markedly lower at the cupula surface, and the 
lowest in the endolymph. The accompanying graph (Fig. 1) shows 
the potential changes in the crista. 


There, as an additional phenomenon, a potential difference was 
observed between the both sides of the crista, never occurring at rest, 
but rising with increasing degree of cupula deflection. The potential 
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Fig. 1.—The potential changes inside the crista of the horizontal am 
pulla during experimental cupula deflections, showing the depolarization by 
utriculopetal deflections and the hyperpolarization by utriculofugal ones, 
with the appearance of potential differences between both sides of the 
crista. Full lines: canal-side of the crista; dotted lines: utriculus-side of 
the crista. Abscissa: Degree of cupula deviation (i.e., the angle between a 


line connecting the middle of the top of the cupula in resting position with 
the middle of the crista, and a second line, connecting the leading edge of 
the top of the deflected cupula with the middle of the crista). The resting 
position of the cupula corresponds with an angle of 10° in both directions; 
therefore, the value of 10° is taken for zero. Ordinate: Potential changes 
in mV. The resting potential is taken for zero. 
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change was more pronounced at the side opposite to the direction of 
the deflection, i.e., at the canal-side of the crista in the case of an 
utriculopetal movement, and at the utriculus-side in the case of an 
utriculofugal one. This predominating side is identical with the side 
upon which the hair-like processes of the sensory cells must be more 
stretched than on the other side, respectively. 


The curves of the relation between the value of the potential 
changes and the degree of cupula deviation were S-shaped (when 
regarded for both directions, see Fig. 1). The range of physiologically 
important deviations (usually of very little degree) corresponds with 
the middle, steep and linear part of the S-curve. 


These findings are in very good accordance with the work of 
O. Lowenstein*® dealing with the action currents from the ampullar 
nerve. Lowenstein’* has studied the effect of galvanic polarization 
on its impulse frequency. An ascending current (depolarizing the 
sensory epithelium of the crista) produced an increase of the fre- 
quency; a current descending from the crista (and hyperpolarizing 
it) made a decrease or even abolition of the resting discharges. Low- 
enstein postulated from these results the existence of corresponding 
generator potentials. Using adequate stimulation in both directions, 
Groen, Lowenstein, and Vendrik® obtained an S-shaped curve, too, 
for the frequency changes of the nerve impulses. 


The depolarization and hyperpolarization responses of the am- 
pullar hair cells seem to indicate rather obviously an analogy to the 
behavior of the cochlear hair cell potentials, described by Tasaki, 
Davis, and Eldredge.'” The authors recorded the changes in the 
positive potential of the endolymph when increasing pressure was 
applied to scala vestibuli or tympani. Increase of hydrostatic pres- 
sure in the scala vestibuli increased the positivity of the endolymph, 
and increase of pressure in scala tympani decreased it. Such a poten- 
tial decrease was much greater than the greatest increase ever ob- 
served. The latter phenomenon also agrees well with the behavior 
of the ampullar potentials, shown in Figure 2. 


The de resting potentials are certainly maintained by the metab- 
‘112 The bending of the hair-like processes 
of the cells, caused by cupula deviations, alters the resting metab- 
olism. Such an alteration, excitation or inhibition produces a perme- 
ability change of the cell membranes, measurable as a depolarization 


olism of the sensory cells. 


or hyperpolarization, respectively. These potential changes must rep- 
resent a connecting link between the mechanical stimulus and the 
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changes of the nerve impulse frequency.’*"* The analogous finding 
in the cochlea is the “de fall” following adequate, acoustical stimula- 
tion, recorded by von Békésy."' 
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Il. THE AC POTENTIALS (MICROPHONICS) FROM THI 
VESTIBULAR APPARATUS 


D. TrinckKeEerR, M.D. 
AND 


C. J. Partscu, M.D. 


The bending of the hair-like processes is the adequate stimulus 
for the sensory cells of the vestibular apparatus and of the cochlea, 
too. Up to the present, however, the opinion has generally been held 
that the temporal conditions for stimulation would be completely 
different in both cases. 


While the dc receptor potentials upon which one of the pres- 
ent authors reported in the two preceding communications were not as 
yet been described, ac potentials from the vestibular apparatus had 
been studied by some previous authors in several animals. 


In search of action potentials, Tullio and Storti' were probably 
the first getting microphonics from the semicircular canals of the 
pigeon. In the same year, Adrian, Craik, and Sturdy” studied the 
labyrinthine ac potentials in the eel, pike, frog, alligator, and Wever 
and Vernon the tortoise*' (destroying the sacculus abolished the po- 
tentials). Zotterman’® derived microphonics from the sacculus of the 
pike and burbot (Lota), and Lowenstein and Roberts® from the saccu- 
lus and utriculus of the ray (Raja). Pumphrey‘ was able to record 
microphonics from the teleostean utriculus after destruction of the 
sacculus and the lagena. De Vries and his collaborators*'’ and Van 
Eyck’***"* reported in a series of papers their observations concerning 
the microphonics of the semicircular canals in the pigeon. 


Though such a considerable number of lower vertebrates and 
of sauropsides yielded positive results, Katsuki and Davis'* could not 
detect any sign of microphonic activity from the semicircular canals 
of the kangaroo rat (Dipodomys) after destroying the cochlea. The 
failure of vestibular microphonics in the sole mammal which was till 
now tested seemed to be a rather surprising occurrence requiring 
studies in other species. 


The experiments described here were done in guinea pigs whose 
cochleae were completely destroyed. Unipolar and bipolar recording 
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actually yielded microphonics from sacculus, utriculus, and all semi- 
circular canals very clearly. 


Figure 3 shows records of microphonics (upper curves) due to 
application of frequencies between 300 and 100,000 cps (lower 
curves). In this experiment, the alternating pressure was given to 
the labyrinth by bone conduction. 


Applying the tone by air conduction was a rather more difficult 
task. However, if the vestibule remained intact and perilymph losses 
were most carefully avoided during the removal of the cochlear turns, 
this task might be successful. (Such records have been published 
in the detailed report.) 


The first column of Figure 3 shows the microphonics from the 
scala tympani of the basal cochlear turn, the following columns in- 
clude the analogous records from the lateral (horizontal) semicircular 
canal or its ampulla, before and after destroying the cochlea. The 
stimulus intensity was in all cases 10 db above threshold. If peri- 
lymph losses were avoided, there was hardly any difference between 
the amplitudes of the vestibular microphonics before and after re- 
moval of the cochlea. 


Except the ultrasonic range, the microphonics were of the order 
of 80 to 150 4V (maximal values 230 to 290 nV). The threshold 
of being recognizable was generally something higher for the vestibu- 
lar microphonics than for the cochlear ones. The lowest threshold 
values of the vestibular microphonics were found between 2000 and 
4000 cps, that is, at somewhat higher frequencies than in the cochlea. 


True microphonics were derived from the cochlea up to 100 to 
130 ke, from the vestibular apparatus up to 80 to 120 kc, verifiable 
by the sensitiveness to anoxia or cooling and by the abolition after 


death. * 


Some records, gained by stimulation with lower frequencies of 
high intensity, yielded synchronized action potentials as well known 
for the cochlea potentials. The lower the frequency, the easier the 





* Keidel and Sick (Z. Biol. 105:443, 1953) recorded microphonics from the 
cochlea of the cat and guinea pig up to 57.5 ke, Pestalozza and Davis (Amer. J 
Physiol. 185:595, 1956) in the latter up to 46 to 50 kc. In experiments with hum 
an subjects, Kunze (in: Ultraschall in der Medizin, Hirzel: Zurich, 1949), Kunze 
and Kietz (Arch. Ohr-etc. Heilk. 155:683, 1949), Pfander (l.c., 1949) and Timm 
(Z. Laryng. 30:133, 1951) showed the sensation of a very high tone (without pitch 
discrimination), caused by ultrasonic frequencies up to 175 (or even 200) ke. In 
the case of a deaf ear, the sensation was lacking. 
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Fig. 3.—Records of microphonics due to application of frequencies 


betw een 300 cps and 100,000 cps. 
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action-potential component could be detected. The upper limit for 
synchronized action potentials was found between 1600 and 3300 
cps in several animals.’® 


In the case of bipolar derivation of microphonics from the canal- 
side and utriculus-side of the ampulla, the first records showed only 
a rather small phase-shift; but placing the electrodes, the one at the 
“roof” of the ampulla (in German, “Ampullendach’’), the other 
below the crista at the wall of the utriculus, delivered nearly opposite 
phase of microphonics. 


After destroying not only the cochlea, but also the sacculus and 
utriculus, the microphonics were rather markedly reduced (this was 
doubtless due to the inevitable perilymph and even endolymph 
losses), but they were clearly still recognizable. Rather striking evi- 
dence for the ampulla as a source of microphonics followed from 
localized cooling. Cold abolished the so-called “‘first-order-micro- 
phonics” (see v. Békésy*’), but the second-order ones were more 
cold-resistant.*' Anoxia exerted almost the same influence upon all 
hair cells. In the dying animal, the cochlear first-order-microphonics 
decreased more rapidly than the vestibular ones did.”* 


As a résumé, we may conclude that the hair cells of all labyrin- 
thine organs** must electrophysiologically behave in a quite similar 
manner. All of them can be stimulated by both static displacement 
and the whole frequency spectrum (coming into question) of me- 
chanical oscillations. Of course, a finer analysis of the alternating 
pressures may only be performed by the dispersion of the frequencies 
in the cochlea.**° 


A more detailed report is communicated in German at the annual 
meeting of the Deutsche Physiologische Gesellschaft, Miinster 1957, 
also briefly published in the Pfliiger’s Archiv f. d. ges. Physiologie 
266:77, 1957. This work was supported by a grant-in-aid of the 
Deutsche Forschungsgemeinshaft. The authors’ special thanks for 
invaluable advice are due to Professor Dr. O. F. Ranke, Director of the 
Physiological Institute of the University of Erlangen. 


PHYSIOLOGICAL INSTITUTE, UNIVERSITY OF ERLANGEN 
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TERATOMA OF THE FLOOR 
OF THE MOUTH 


REPORT OF A CASE 
CHARLES R. SMATHERS, M.D. 


New York, N. Y. 


Benign teratoma of the neck and floor of the mouth are of inter- 
est because of the scarcity of cases presented in the literature. Colp' 
presented an extensive review of dermoid cysts of the floor of the 
mouth with three case reports and a summary of 32 cases of dermoid 
cysts from the literature not included in the 1908 collection of De- 
bonnelle. Shore* reported on the rarity of sublingual epidermoid 
(inclusion) cysts having only four cases out of 54,000 surgical speci- 
mens at St. Luke’s Hospital in New York between 1900 and 1940. 
Figi* reports a case in a 30 year old white male with a large (8 x 6.5 x 
4.cm) dermoid cyst of the floor of the mouth above the mylohyoid 
muscle and in the genioglossi fibers that was delivered intra-orally. 
He confirms its insidious onset, midline location, infrequent occur- 
rence and congenital origin. Ericht comments on the pathologic 
classification and origin of cysts of the floor of the mouth, where he 
distinguishes the congenital dermoid cysts (teratoma) from the 
epidermoid inclusion (sebaceous) cysts. “The teratoma dermoids 
contain elements derived from any one or all of the three germinal 
layers, and occur usually in the ovaries and testes.”” Johnson® discusses 
the differential diagnosis of cysts of the floor of the mouth and in- 
cludes thyroglossal duct, branchial tumors, dermoids, epidermoid 
cysts, mucous cyst, polycystoma, traumatic epithelial cysts and ranu- 
las. New* also discusses congenital cysts of the floor of the mouth, 
pharynx and larynx, adding branchial cleft cysts of the pharynx, 
cystic hygroma and laryngeal cysts to be considered for differential 
diagnosis. 


The diagnosis of a congenital cyst of the floor of the mouth 
should be considered whenever there is a non-tender mass of insidious 
onset. The presence of the cyst may or may not be noted from birth. 


From the records of the Otolaryngology Department of the Manhattan Eye, 
Ear and Throat Hospital. 
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Fig. 1.—Pre-operative appearance of the teratoma at the level of the 
hyoid bone. 


The cyst can displace the tongue to either side or produce an external 
mass in the neck. Cysts of the floor of the mouth can occur above, 
in, or below the mylohyoid muscle and may attach to the hyoid bone 
depending upon their extent and size. 


The age group where the cysts of the floor of the mouth most 
commonly occur is between 15 and 35 years. The sex predilection is 
equal. The adult age group in which the cysts occur has been ex- 
plained by the rapid growth during adolescence, however, with in- 
creasing suspicion and accurate diagnosis they may be detected in an 
earlier age group because of their congenital origin. The earliest age 
at which a teratoma was reported was by Meyer.’ His patient was a 
Negro child two days old. An additional case is presented below. 
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Fig. 2.—Photomicrograph showing a dilated glandular duct, an area of 
fibro-elastic cartilage and seromucinous glands. 
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Fig. 3.—Photomicrograph showing a dilated lymphatic with endothelial 





lining, seromucinous glands, metaplasia of glandular duct epithelium. 
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Fig. 4.—Photomicrograph showing detail of endothelial lining of a large 
dilated lymphatic with thickening of the vessel wall with lymphatic reaction. 


REPORT OF A CASI 


The patient, F.S., was a four year old colored male who had a 
lump under his chin, noticed by his parents for the past two years. 
The mass was non-tender, movable, at the level of the hyoid bone, 
mid-line, 3 x 4 x 2 cm in size. It was regarded pre-operatively as a 
thyroglossal cyst. I,,, scanning revealed less activity over the cyst 
than laterally over the thyroid lobes. The remainder of the laboratory 
studies were within normal limits; physical examination was normal. 
Past medical history and family history were non-contributory. 


The patient was operated upon April 15, 1958, under general 
endotracheal anesthesia. The cyst was approached externally by a 
transverse incision. The cyst extended to the base of the tongue and 
enveloped the body of the hyoid bone. The mid-portion of the hyoid 
bone was removed with the cyst as well as a portion of the base of 
the tongue, so that when the cyst had been excised the epiglottis was 
visible through the pharyngostoma. The closure of the pharynx was 
performed in a transverse manner, a feeding tube inserted through 
the nostril and a tracheotomy performed. The child made an un- 
eventful recovery and was decanulated and discharged in 11 days. 
Pathology report by Dr. John Berg and Dr. Andrew E. Eggston was 
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as follows: The gross specimen consists of two cystic structures, one 
measured 1.5 x 1.5 x 1 cm and the other specimen measured 4 x 2.5 x 
2 cm. Multiple microscopic sections revealed a stratified squamous 
surface epithelium which shows slight hyperkeratosis. Deeply be- 
neath the epithelium there are numerous seromucous glands and large 
dilated blood vessels. There were also present nests of squamous epi- 
thelium suggesting a sinus tract. Scattered about there were lymph 
follicles and a few fragments of fibro-elastic cartilage. The main 
lesion was a large cystic space lined by a thin endothelial layer of cells 
which resembled a lymphangioma. The cyst wall consisted of dense 
fibrous collagenous tissue. Diagnosis: Cystic lymphoid teratoma. 


COMMENT 
The above case is of interest because it occurred in a child of 
four years. The character of the cyst was like that of a thyroglossal 
duct cyst. Complete removal is necessary to prevent recurrence. 
The above tumor was removed by an external approach with «an 


excellent result. 


210 East 64TH ST. 
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LABYRINTHINE ARTERY ON THE OXYGEN 
TENSION IN THE LABYRINTH 


YAsuSHI Koipe, PH.D., M.D. 
Makoto Yosuipa, M.D. 
AND 
Masaru Konno, M.D. 


NiGAata, JAPAN 


Koide,’ by the theoretical analysis of the functioning metabolic 
system of the labyrinth, has concluded that oxygen is the limiting 
factor of the chemical reactions in the labyrinth. In addition, Koide 
and associates** have measured the oxygen tension in the labyrinth 
and ascertained that the oxygen tension is not decreased by oxygen 
deficiency of a medium degree. Then it was concluded that this 
observation coincides with the well-known fact that the cochlear 
potential shows a high resistance to oxygen deficiency. 


In the further study on the attitude of the labyrinth to oxygen 
a new experimental condition must be devised so that the relation 
between the cochlear potential and the oxygen tension in the laby- 
rinth may be obtained. The labyrinth is, thermodynamically, an 
open system and receives the influence of general changes. This makes 
the interpretation of experimental results more difficulty and com- 
plicated. Therefore, if it were converted into a closed system by 
cutting the labyrinthine artery, a clear-cut experiment would be 
expected and the change of oxygen tension in the labyrinth would be 
followed up quantitatively. Maruyama‘ has observed that the coch- 
lear potential declines exponentially as time elapses after cutting the 
labyrinthine artery. 


The present study was undertaken to investigate the change 
of oxygen tension in the labyrinth after the labyrinthine artery had 


From the Department of Otolaryngology, Niigata University School of Medi 
cine, Niigata, Japan. 
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Fig. 1.—The change of oxygen tension in the labyrinth after the laby 


rinthine artery was cut. The left figure shows oxigraphic recording of oxy 
gen tension. The right figure shows change of oxygen tension in the peri 
lymph plotted on semilogarithmic paper. The oxygen tension was plotted 
on the logarithmic axis (ordinate), and the time was plotted on the linear 
axis (abscissa). A straight line was obtained. At (a) cutting. At (b) 
pt-electrode was withdrawn. (c): Oxygen tension in the basal turn of mem 
branous cochlea. (d): Oxygen tension in the perilymph. Time trace: ten 
seconds. 


been severed and to decide whether or not the labyrinth would be 
converted to a perfect closed system by this procedure. 


RESULTS 


A. The Change of Oxygen Tension after Cutting the Labyrin- 
thine Artery. By the method of Koide and others,’ a platinum elec- 
trode was inserted into the basal turn of the cochlea of the rabbit 
and, after cutting the labyrinthine artery, the change of oxygen 
tension was recorded with oxygraph in the membranous cochlea and 
the perilymphatic space. 


The cutting of the artery was performed in the following way: 
after the occipital trepanation, an incision of the dura mater was 
made in the posterior cranial cavity and the cerebellum was widely 
exposed. Then the cerebellum was displaced with a spatula so that 
the internal auditory meatus was visible, and the labyrinthine artery 
was cut with a small scalpel. 
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Fig. 2.—Reaction vessel. 


After cutting the artery, as shown in Figure 1, the oxygen 
tension in the membranous cochlea decreased instantly. When the 
platinum electrode was withdrawn approximately 0.1 mm and the 
tip was moved from the membranous cochlea to the perilymph, the 
oxygen tension in the latter decreased rapidly. By plotting this on 
a semilogarithmic section paper, its exponential course was ascertained. 


To analyze a biological phenomenon, the introduction of a 
thermodynamical concept, entropy production, is quite useful. After 
the labyrinth has been converted from an open system to a closed 
system by cutting the labyrinthine artery, the origin of the entropy 
production in the labyrinth is only the chemical reaction which 
takes place in it. Because the limiting factor of the chemical reaction 
in the labyrinth is oxygen, the entropy production in the labyrinth 
must parallel the change of oxygen tension in it after the labyrinthine 
artery has been cut. If there were a close relationship between the 
cochlar potential and oxygen after cutting the labyrinthine artery, 
the time courses of both should be similar. In fact, this was ascer- 
tained in the present study. 


Now one question remains. A further investigation is required 
to decide whether the labyrinth is really converted into a closed system 
by cutting the labyrinthine artery. 
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Fig. 3.—Oxygen consumption of the cochlear tissues in the closed 
system. Section A shows cxigraphic recording of oxygen tension in the 
closed vessel. Section B shows change of oxygen tension plotted on the 
logarithmic axis (ordinate), and the time plotted on the linear axis (ab 
scissa). In each experiment a straight line was obtained. Time trace: 30 


seconds. 


B. The Change of Oxygen Tension in the Medium Containing 
the Isolated Labyrinthine Tissues. To solve this question, whether or 
not the labyrinth was converted into a closed system by cutting the 
labyrinthine artery, the isolated labyrinthine tissues were placed in a 
closed vessel which was apparently a perfect closed system and the 
decrease in oxygen tension in the medium was followed up, to com- 


pare with the results obtained in the previous experiment. 


The reaction vessel which was made up specially for this purpose 
is shown in Figure 2. The medium was made by adding a substrate 
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to the phosphate-Ringer-solution, the pH of which was 7.2 at a con- 
centration of 15 mM/1. The substrates added were glucose, gluta- 
mate and succinate. The reaction vessel was left in a thermostat, 
the temperature in which was kept at 37° C, and the change of oxygen 
tension was recorded with oxygraph. 


The membranous cochlea of the guinea pig was used as the speci- 
men in this experiment. The animal was killed by cutting the com- 
mon carotid artery. The labyrinth was isolated in the phosphate- 
Ringer-solution which had previously cooled below 5° C and only 
the cochlear tissues were taken out. The elapsed time from death to 
the completion of the preparation was approximately 20 minutes. 


The result is shown in Figure 3. The decrease in oxygen tension 
in the medium in the vessel was perfectly exponential and the time 
course was plotted almost linearly on a semilogarithmic paper. 


In a closed system the decrease in oxygen tension of the medium 
was exponential and coincided with the change of oxygen tension 
after cutting the labyrinthine artery. Thus it may be concluded that 
the labyrinth was converted from an open system to a closed system 
by cutting the labyrinthine artery. 


CONCLUSIONS 


The experimental condition was simplified by cutting the laby- 
rinthine artery and the labyrinth was converted into a closed system. 
This procedure made possible the quantitative following up of the 
change of oxygen tension in the labyrinth. The following conclusion 
was obtained after consideration. 


By cutting the labyrinthine artery, the labyrinth was changed 
into an almost perfect closed system, after the blood flow in the 
membranous cochlea decreased exponentially. Though the simul- 
taneous recording of the cochlear potential and the oxygen tension 
in the labyrinth is not possible at the present time and no decisive 
conclusion can be reached, taking into consideration that Maruyama’s 
experiment, which showed an exponential decrease of the cochlear 
potential after cutting the labyrinthine artery, a quite close correla- 
tion can be assumed between the oxygen tension in the labyrinth 
and the cochlear potential. 


NuGata UNIVERSITY SCHOOL OF MEDICINE 
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RUBELLA IN PREGNANCY 


FETAL PATHOLOGY IN THE INTERNAL EAR 
J. E. Gray 


NEWCASTLE-UPON-TYNE, ENG. 


There have been many clinical accounts of congenital abnormal- 
ities following rubella in early pregnancy since the original reports by 
Gregg’ in 1941 and Swan et al* in 1943. The fetal pathology has 
been described in a small number of cases only. This report gives the 
histology of the internal ears of a 53 mm fetus. 


CLINICAL DETAILS 


The mother developed a severe clinical attack of rubella on the 
37th day of pregnancy, i.e., 51 days after the last menstrual period. 
She had suffered spontaneous abortion after an attack of measles 
(morbilla) in a previous pregnancy and had one normal child. Ab- 
dominal hysterotomy was performed 12 weeks after the last menstrual 
period because of the mother’s mental state. The fetus was 53 mm 
C.R. length, the clinical dating was thus confirmed. 


MATERIAL AND METHODS 


The fetus was of normal external appearance. The head, with 
neck, and the limbs were separated from the trunk and all were 
fixed in Bouins fluid about one hour after the hysterotomy. The 
head was several weeks later embedded in paraffin wax and serial 
sections were cut in the frontal plane at 10 u. 


RESULTS 


There were questionable abnormalities in the lens of both eyes, 
the dental lamina and tooth germs showed abnormalities, the olfactory 
bulbs were of unequal length, the heart and other viscera of the trunk, 
the brain and cranial nerves were normal. There was a distinct 
abnormality of the cochlear duct of both ears. The lesions of the 
cochlear duct were obvious in the basal coil—less marked in the middle 
coil and minimal in the apical coil, indeed here they could not be 
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Fig. 1.—Magnification x 200. Basal turn of L. cochlear duct at the 
level of the f. cochlearis. A large area of cell lysis is present in the basilar 


membrane. 


distinguished from a technical artefact. Both ears showed identical 
changes. In the basal turn of the cochlea the primordium of Corti’s 
organ displayed an area where the epithelium was absent, an adjacent 
area, further from the spiral lamina, had spaces between the cells 
many of which had apparently lost their cytoplasm. Figure 1 shows 
the basal coil of the cochlea. Figure 2 is the middle coil of the right 
cochlea. Figure 3 shows the upper part of the basal coil at a high- 
er magnification. The figures to some extent speak for themselves 
and there can be no doubt that Corti’s organ could not have developed 
normally. The lesion of the basal coil shows what appears to be an 
infiltration of small round cells. This is probably not the true inter- 
pretation, the round cells are more likely to be epithelial nuclei which 
have lost their cytoplasm. The process of cytoplasmic lysis is seen 
partially completed in the higher power view in Figure 2. 


The utricle, saccule and semicircular canals were normal. The 
macula of the saccule is shown in Figure 4. 


Comparison of these sections with previously reported cases is 
instructive. Tondury® in 1952 showed a photograph of the cochlear 
duct illustrating a similar but less marked process. Other authors, 
Nager,* Carruthers,” and Carruthers et al® described much older 
fetuses or children and their findings are probably end results. The 
authors quoted above also found that the stria vascularis was smaller 
than normal and the tendency has been to put down the changes in 
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Fig. 2.—Magnification x 320. Upper part of the middle coil of the 


duct a few sections anterior to the f. vestibuli. 


The spiral artery can be 
seen adjacent to the basilar membrane. 





Fig. 3.—Magnification x 580. Basilar membrane of the R 


. cochlear 
L. cochlear duct. 


There is marked cytoplasmic lysis of the epithelium of 
the basilar membrane. Cell loss is less than in the basal coil. 


pes 
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Fig. 4+.—Magnification x 320. Macula of L. saccule. Hair-like proc 
esses have developed on the neuroepithelial cells. There is no sign of an 


otolith membrane. 


the organ of Corti as secondary to the stria vascularis changes. The 
lesions described in my case are apparently primary and there seems 
to be no reason for supposing that they would not have resulted in 
disorders of Corti’s organ like those illustrated by the other authors. 
It seems that there has been a tendency to incriminate hypothetical 
primary lesions in blood vessels in order to unify the dispersed sites 
of damage by the virus (or other toxic agent) in fetal rubella. It 
would perhaps be more fruitful to admit that at present we do not 
have an adequate explanation for the sites of election of the disease; 
it seems unlikely that if the condition were primarily a disease of 
small blood vessels that the sites of damage would be so restricted. 
It may be relevant to observe that cell lysis is due to occur in the 
basilar membrane at a later stage when the spiral sulcus and tunnels 
are formed. 


SUMMARY 


The pathology in the internal ear of a 53 mm fetus is described 
The mother developed rubella on the 37th day of pregnancy (51 
days after L.M.P.). The lesion was apparently lysis of the epithelium 
of Corti’s organ. 


Che author thanks his colleagues in the University of Durham for their help 
in examining this problem; in particular, he thanks Professor J. Short and Professor 
H. Harvey Evers. 








174 J. BE. GRAY 


REFERENCES 


1. Gregg, N. M.: Congenital Cataract Following German Measles in the Mother. 
Tr. Ophth. Soc. Australia 3:35, 1941. 


2. Swan, C., Tostevin, A. L., Moore, B., Mayo, H., and Black, G. H. B.: Con 


genital Defects in Infants Following Infectious Diseases During Pregnancy. Med 
J. Aust. 2:209, 1943. 


3. Tondury, G.: Zur Wirkung des Erregers der Rubeolen auf dem menschlichen 
Keimling. Helv. Ped. Acta 7:103-135, 1952. 
4. Nager, R.: Histologic Ear Examinations of Children Following Maternai 


Rubella. Pract. Oto-rhino-laryng. 14:337-359, 1952. 


§. Carruthers, D. G.: Congenital Deaf Mutism as Sequela of Rubella-like Ma 
ternal Infection During Pregnancy. M. J. Australia 1:315-320, 1945. 


6. Lindsay, J. R., Carruthers, D. G., Hemenway, W. G., and Harrison, M. S.: 
Inner Ear Pathology Following Maternal Rubella. ANNaLs or OroL_ocy, RHINO! 
OGY AND LARYNGOLOGY 62:1201-1218, 1953. 





XV 
SECRETORY SIALOGRAPHY IN DISEASES 


EXTERNAL TO THE MAJOR 
SALIVARY GLANDS 


IrviING M. Bratt, M.D. 
JoHN E. Macrevski, M.D. 
James H. Maxwe it, M.D. 

AND 
JoHN F. Ho tt, M.D. 


ANN ARBOR, MICH. 


Secretory sialography'* has been a useful aid in determining 
whether tumors in the submaxillary and parotid regions are within 
or adjacent to the major salivary glands. This report is concerned 
with the results of a sialographic study of 31 patients in whom re- 
gional swellings external to the salivary glands were present. In all 
cases the clinical, roentgenographic and (where possible) the operative 
and histologic findings have been correlated (Table I). 


CRITERIA FOR DIAGNOSIS OF EXTRINSIC LESIONS 
BY SIALOGRAPHY 


Scout Films. Preliminary films occasionally make the diagnosis 
obvious, precluding the use of sialograms. For example, the charac- 
teristic mulberry pattern of calcification in a chain of tuberculous 
cervical lymph nodes is readily identified (Fig. 1A). A destructive, 
osteolytic lesion of the mandible is also easily discernible (Fig. 1B). 


Filling Phase. Complete filling is most essential before any gross 
deviation from the normal duct pattern is to be accounted for. This 
is best accomplished by injection of the contrast material through a 
polyethylene catheter utilizing a closed system of injection.’ The 
filling phase shows normal arborization of the duct system with or 
without displacement (Fig. 2). The common finding is displacement, 

From the Departments of Otolaryngology and Radiology, University of Michi 
gan Medical School, Ann Arbor 
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compression or distortion of the duct system by the adjacent extrinsic 
mass (Fig. 3). The general architectural pattern of the duct system 
is preserved; each duct is seen in its entirety, although its shape and 
configuration will vary with the degree of displacement (Fig. 4). 
The main duct may be pushed out of position but there is no alteration 
in the fine detail of the most peripheral duct radicals (Fig. 5). There 
may be an area of localized narrowing due to pressure and stretching 
by the expanding extrinsic lesion (Fig. 6). Occasionally a circum- 
scribed radiodensity, quite apart from the duct system may appear as 
an intrinsic salivary gland lesion because of its seemingly intrinsic 
position in particular radiographic projections. The sialogram, how- 
ever, demonstrates its precise location (Fig. 7) and identifies it as a 
probable phlebolith of the cheek. Such a lesion could easily be con- 
fused with a parotid calculus on routine roentgenography. 


Emptying Phase. Secretory sialography is valuable in identify- 
ing lesions extrinsic to the major salivary glands, whether inflamma- 
tory or neoplastic, since complete emptying of the ducts and acini 
occurs immediately following stimulation (Figs. 2-7). A radiopaque 
medium of low viscosity such as Pantopaque™, is ideal since it is 
readily washed out of the duct system by the salivary secretion. Util- 
ization of the filling phase alone makes it difficult to distinguish 
extrinsic swellings from intrinsic salivary gland diseases in which the 
glandular architecture may also be preserved. 


ROENTGENOGRAPHIC-HISTOLOGIC CORRELATION 


The significance of the roentgenographic findings of compres- 
sion, distortion, displacement with complete emptying of the salivary 
duct system associated with the presence of an extrinsic lesion is sup- 
ported by histologic evidence presented in Table I. In twelve patients 
(cases 19 through 30) in whom metastatic neoplasm was suspected, 
all demonstrated anaplastic growth in tissue adjacent to the particular 
parotid or submaxillary salivary gland in question. In each case the 
contiguous neoplasm was cither in a lymph node or in the adjacent 
primary site. This is demonstrated in the following case report: 


REPORT OF A CASI 


Case 27: P.F., a 42 year old housewife, was referred to Univer- 
sity Hospital for evaluation of a previously excised malignant con- 
nective tissue neoplasm in the left submaxillary region six weeks prior 
to admission. Physical examination revealed a 2 by 2 cm firm fixed 


mass at the angle of the mandible which seemed adherent to perioste- 
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um and appeared to invade or be a part of the inferior aspect of the 
left parotid gland. A sialogram four days prior to operation revealed 
posterior displacement and compression (Fig. 3) of the most inferior 
intraglandular ducts. Emptying was complete on lemon stimulation. 
At operation residual neoplasm was found contiguous with the lower 
pole of the parotid gland. The histologic sections showed a poorly 
differentiated neoplasm in adipose tissue adjacent to salivary gland 
compatible with a fibrosarcoma. The contiguous parotid gland 


showed no neoplasm. 


SUMMARY 
Secretory sialography can serve as a diagnostic aid in identifying 
inflammatory and neoplastic lesions adjacent but extrinsic to the 


salivary glands. 


The filling phase shows displacement, compression or distortion 
of the duct system by the adjacent extrinsic mass, but the general 


architecture is preserved. 


Evacuation of the contrast material is complete in the emptying 
phase. This is the differential point between extrinsic and intrinsic 
salivary gland neoplasms, since the latter usually show retention of 


contrast material in post-evacuation films. 


University Hospital! 
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Fig. 1.—(A) Calcified tuberculous lymph nodes in the right submax 
illary triangle. (B) Radiograph of a malignant osteoblastoma of the mandi 
ble showing osteolytic destruction of bone (arrow). Such lesions adjacent to 
the major salivary glands preclude the use of sialography. 
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Fig. 2.—Sialogram of case No. 15. The filling phase shows neither 
displacement, compression nor distortion of the duct system by the adjacent 
extrinsic mass. Evacuation of the contrast material is complete in the empty 
ing phase. Histologic diagnosis: Chondroma of the temporo-mandibular 
joint, 
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27. The filling phase demonstrates com 


Fig. 3.—Sialogram of case No. 2 
pression and posterior displacement (arrow) of the peripheral duct system 
However, 


in the inferior portion of the superficial lobe of the parotid gland. 
the evacuation of contrast material is complete. Histologic diagnosis: Fibro 


Sarcoma in adjacent adipose tissue, 
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Fig. 4.—Sialogram of case No. 3, a § year old girl with submaxillary 
lymphadenitis. The filling phase demonstrates upward displacement of the 
left submaxillary salivary gland. The post-evacuation film indicates that 


the gland has emptied completely and is not involved. 
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3. There is marked lateral displace 


Fig. 5.—Sialogram of case No. 1 
ment of the entire duct system of the right parotid gland in the filling phase. 
The general architecture of the duct system is preserved, and there is only 
slight deviation of the intraglandular ducts with no localizing narrowing or 
There is complete evacuation of the contrast material on 
Traumatic bone cyst of mandible 


sharp kinking. 


lemon stimulation. Histologic diagnosis: 
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Sialogram of case No. 30. Physical examination revealed a 
The filling phase demon 


Fig. 6. 
§ x 7 cm mass in the right submaxillary triangle. 
strates upward displacement of the postero-superior secondary ducts with a 
(arrow). Emptying of the contrast ma 
lymph node compressing 


central localized area ot narrowing 
terial is complete. At operation there was a huge 
the submaxillary salivary gland and indenting it. Histologic diagnosis: 


Hodgkin’s granuloma in a lymph node. 
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12. Phlebolith of the left cheek, pre 
The scout film in the P-A 


7.—Sialogram of case No. 


I ig. 
viously diagnosed as a parotid gland calculus. 
projection shows a 1 cm calcified mass in the “parotid” region, which appears 
to be located in the inferior portion of the gland, in the filling phase of the 
parotid sialogram (arrow). However, the lateral projection of the filling 
phase indicates that the calcified mass is extrinsic and quite anterior to the 


parotid gland. Emptying of contrast material is complete. 
; I 
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XVI 
CHRONIC COMPLETE TRAUMATIC OCCLUSION IN THI 
LARYNX SECONDARY ENDOTRACHEAL ANESTHESIA 
AND ITS PLASTIC CORRECTION 


Donatp F. Procror, M.D. 
AND 
MiLton T. Epcerton, M.D. 


BALTIMORE, Mb. 


Laryngeal complications following endotracheal intubation are 
likely to be of one of two general kinds. Quite commonly the patient 
complains of sore throat and mild hoarseness for two or three days 
following the intubation. Much less frequently (and usually follow- 
ing an excessively prolonged or traumatic intubation) the hoarseness 
persists and examination reveals a small granulomatous lesion gener- 
ally located near the posterior end of one vocal cord. Such a lesion 
can be readily removed through the laryngoscope and the larynx 


is restored to normal. 


The following patient is being reported as an unusually severe 
complication of endotracheal anesthesia and an interesting problem in 


the correction of laryngeal stenosis. 


REPORT OF A CASI 


A white, married female, 31 years of age, first came to our atten- 
tion in May, 1957. Her complaint was hoarseness and difficult 


breathing, increasing in severity over a six year period. 


The relevant history began in 1951 at which time she underwent 
a prolonged pelvic operation, in another city, with endotracheal anes- 
thesia. Hoarseness became noticeable shortly afterwards and gradu- 
ally became more annoying. Three years later, apparently because 
of the hoarseness, the tonsils were removed under endotracheal anes- 
thesia. No details are available regarding these two operations or the 
anesthetic techniques employed. 


From the Divisions of Laryngology and Otology, and of Plastic Surgery, The 
Johns Hopkins University School of Medicine. 
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Fig. 1.—The skin incision is indicated in A and the opening of the 
larynx in B. The cricoid cartilage remains undisturbed. 
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Fig. 2.—Dissection of the granuloma from the underlying muscle is 
shown in A. The stent and the manner of fixing the skin graft to it are 
shown in B and C. 








LARYNGEAL OCCLUSION 189 


ryngeal 3 
4 place 


i ell 








ay ~ 
XE 5 
44 / “ . 
fol . . 
‘ 


Transfixion 
sutures passed 
thru thyroid cart. 





NN 


ES Cc 


Fig. 3.—Closure of the larynx is illustrated in A, the position of the 
stent within the larynx in B and the final closure in C. The appearance of 
the larynx as seen with the laryngeal mirror after full healing is shown in D. 


The hoarseness became progressively worse and difficult and noisy 
breathing began to be severe enough to sharply limit her activities. 


By May, 1957, the voice was extremely poor, talking required 
considerable effort, breathing was difficult at rest, and dyspnea very 
pronounced on the mildest exertion. 


Mirror examination showed the larynx to be nearly filled with 
a granulomatous mass. The left side of the larynx moved only very 
slightly on attempts at phonation and motion of the right side was 
also limited. 


On May 16, 1957, after the application of topical anesthesia, 
an orotracheal tube with an outside diameter of 0.6 cm was forced 
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through the glottic chink with great difficulty. General anesthesia 
was then induced and a tracheotomy performed. The trachea was 
opened through the second and third tracheal rings and a tracheotomy 
tube inserted. The endotracheal tube was then removed and direct 
laryngoscopy was carried out. It was impossible to make out any 
normal landmarks below the level of the epiglottis. Tissue was re- 
moved for biopsy and showed scarring, granulation tissue, and hyper 


keratosis. 


Five days later the patient was again given a general anesthetic. 
A large skin flap was turned back across the midline and the laryngeal 
cartilages were uncovered. The thyroid cartilage was split down the 
middle and the larynx entered through the mid anterior line. With 
this exposure one could see that the entire lining mucosa from the 
edge of the vocal cords up over the ary tenoids posteriorly and to the 
epiglottis anteriorly was replaced by an irregular granulomatous mass 
(Fig. 1). This entire mass was removed, chiefly by sharp dissection, 
down to the underlying muscle. A portion of each arytenoid carti 


lage was denuded in this process. 


A split thickness graft, 0.012 inches thick, was then cut from a 
hairless area on the anterior chest wall and fitted about a stent of 
polyvinyl alcohol sponge shaped to fit the normal glottic aperture 
(Fig. 2). This was held in the denuded portion of the larynx by a 
No. 28 stainless steel wire suture which passed through the skin and 
thyroid cartilages. The thyroid cartilages were closed with heavy 
catgut and the perichondrium and muscle with fine catgut. The 
skin incision was then closed with subcuticular wire sutures and silk 
skin sutures. The heavy wire stay suture was fixed to cither side of 
the neck by tying it over a sponge (Fig. 3). 


A stomach tube was passed and the patient was placed on tetra- 
cycline and penicillin postoperatively. After three days the stomach 
tube was removed. 


By the tenth postoperative day there was some necrosis in the 
skin margins and one end of the stay suture had eroded through the 


skin. The silk sutures were removed that day. 


On the fifteenth postoperative day, again under general anes- 
thesia, the stay suture was removed and the eroded area of skin was 
debrided, undermined and closed. The stent was removed through 
a laryngoscope. It was obvious that the graft had taken nicely and 
the pale color of squamous epithelium could be easily contrasted with 
that of surrounding mucosa. 
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Four days later there was normal motion in the larynx and a 
good glottic aperture. There was some irregularity along the line 
where graft met mucosa above. Five days later some granulations 
were removed from this edge through a laryngoscope. 


By June 25, 32 days following surgery, it was apparent that 
these granulations were steadily increasing. In an effort to interrupt 
this process the patient was placed on antibiotics and 200 mg of corti- 
sone a day. From this point on there was steady improvement. Five 
days later the cortisone was reduced to 150 mg a day and a gradual 
further decrease was carried out. By September 13, just under four 
months postoperatively, cortisone and antibiotics were stopped. 


For the next four months the patient was able to keep the 
tracheotomy tube corked, and, on January 7, 1958, a secondary 
closure of the tracheostomy was carried out. 


At the present time, ten months after the initial operation, the 
patient notices no embarrassment to her breathing, and the voice, 
though hoarse, is quite satisfactorily useful (Fig. 4). There has never 
been any difficulty with swallowing. 


The glottic aperture is approximately two-thirds normal in size. 
There is a tough fibrous projection from the posterior commissure 
above the cords (Fig. 3-D). 


SUMMARY 


1. A serious complication of endotracheal anesthesia is described 
and illustrated. : 

2. A method for grafting the lumen of the larynx, including 
the actual surface of both vocal cords, is described. 


3. Postoperative function in this patient has been quite good 
permitting the removal of the tracheotomy tube and breathing by 
mouth with acceptable movement of the vocal cords for normal 
speech and the avoidance of aspiration. 


819 Park Ave. 
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XVII 
AUDITORY SENSITIVITY 


AND THE MAGNITUDE OF THE 
COCHLEAR POTENTIAL 


THomMas E. McGii1i, PH.D. 


WILLIAMSTOWN, Mass. 


The electrical theory of auditory nerve stimulation, as presented 
by Wever,'” has gained wide acceptance among acoustic scientists in 
recent years.*"""'® The electrical theory may be stated quite simply. 
Under acoustic stimulation the hair cells of the cochlea produce a 
pulsating direct-current, called the cochlear potential, which triggers 
the fibers of the auditory nerve. The cochlear potential is thus a re- 
sponse to acoustic stimulation and, at the same time, a stimulus for 


the auditory nerve. 


In the chain of events leading to hearing factors both preceding 
and following the cochlear potential affect sensitivity. Precochlear 
potential factors, e.g., the condition of the middle ear mechanism, 
must affect sensitivity by means of their effect on the cochlear poten- 
tial. The magnitude of the potential, in turn, reflects the condition 
of that part of the acoustic system which precedes it. On the other 
hand, the cochlear potential reflects nothing of the state of the acoustic 
system beyond it. The auditory system can thus be viewed as neatly 
divided into two parts by the cochlear potential; as Boring put it, 
a measurement of the cochlear potential “.. . taps the chain of causal 


events at the cochlea and before the nerve.” 


Using the above model, provided by the electrical theory of audi- 
tory nerve stimulation, the present study was designed in an attempt 


to answer two questions. 


1. What is the magnitude of the cochlear potential at the thresh- 
old of hearing and how does the magnitude relate to frequency? 


This paper is based on a dissertation presented to the Department of Psy 
chology of Princeton University in partial fulfillment of the requirements for the 
Ph.D. degree. The author is grateful to Professors Wever, Rahm, Vernon, and 
Strother for their guidance and assistance in this research. The research was sup 
ported by contract Nonr-1858(18) between the Office of Naval Research and 
Princeton University. Reproduction in whole or in part is permitted for any pur 


pose by the U.S. government. 
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2. With what success may we predict from differences in behav- 
ioral sensitivity (from animal to animal) to the relative magnitudes 
of the cochlear potential? 


Answering question two is, in effect, testing the electrical theory 
of auditory nerve stimulation. If the cochlear potential is in fact the 
neural stimulus, then certain relationships should hold between behav- 
ioral-sensitivity differences and the magnitude of the potential. These 
relationships should be such that a more sensitive animal (behavior- 
ally) generally produces (a) a cochlear potential of greater magnitude 
for a given sound-intensity and (b) a cochlear potential of lesser mag- 
nitude for threshold sound-intensity, than a less sensitive animal pro- 
duces. Clause (a) follows from a consideration of the cochlear 
potential as a response of the first part of the acoustic mechanism. 
It has been repeatedly demonstrated (see especially reference 21) that 
experimental manipulations which are known to reduce auditory 
sensitivity also reduce the magnitude of the potential. Therefore, 
it is to be expected that a more sensitive animal will generally exhibit 
a cochlear potential of greater magnitude than a less sensitive animal 
to a given sound-intensity. Clause (b) follows from a consideration 
of the cochlear potential as the stimulus for the auditory nerve. By 
definition a more sensitive animal requires a stimulus of less intensity 
to reach threshold than that required by a less sensitive animal. 
Therefore, the cochlear potential exhibited by a more sensitive animal 
for a sound intensity representing his behavioral threshold should 
generally be of lesser magnitude than the potential exhibited by a 
less sensitive animal for his behavioral-threshold sound-intensity. 


The modifier “generally” in the above statements requires a word 
of explanation. Since both pre- and postcochlear potential factors 
affect sensitivity and a cochlear potential measurement reflects only 
one set of factors, the relationship expressed is not necessarily perfect. 
For example, it is entirely possible for an anima! to exhibit a cochlear 
potential of relatively great magnitude and at the same time to be 
relatively deaf due to neurological factors. However, if the assump- 
tion is made that such cases are randomly distributed within the 
population, then the relationship should remain positive. 


APPARATUS AND METHODS 


Subjects (Ss). The subjects were four cats whose sex and age in 
months at final threshold determination were as follows: F-10, F-13, 


M-24, M-30. 
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Training Apparatus and Methods. The experiment was con- 
ducted in two soundproof rooms (116 inches high x 118 inches long x 
70 inches wide) which were joined by means of double doors. The 
experimenter (E) and all sound producing apparatus except the 
speakers were located in one room and the training box was located 
in the other room. Observation was by means of a one-way mirror 
between the rooms and a piece of plate glass set in the wall of the 
training box. 


A General Radio beat frequency oscillator type 1304A was the 
major component of the sound producing apparatus. The output of 
the oscillator was led into an onset generator which permitted varia- 
tion in the onset and decay time of the tones. A one-half second 
onset and decay time was used to eliminate transients and clicks. The 
output of the onset generator led into an attenuator which permitted 
intensity variations of 1 db. From the attenuator the signal passed 
through an 8-ohm impedance-matching transformer into nine Jensen 
type P6-T 6 inch speakers wired in series-parallel in an arrangement 
which held phase variations to a minimum. 


An elaborate training box was constructed in an attempt to hold 
sound-pressure-level variations to a minimum. Briefly described, the 
box was 9 feet long, 2 feet wide, and 2 feet high, covered with two 
inches of plaster, with the speakers mounted on one end in such a 
manner that a plane wave sound-front passed through the training 
area and was absorbed by a series of curtains hung within the box. 


The training area itself consisted of a space within the training 
box 30 inches long, 20 inches high, and 20 inches wide. A piece of 
half-inch hardware cloth, 6 inches high and 20 inches long, was 
attached to the floor across the training area. This fence divided the 
area into two equal parts (15 inches x 20 inches x 20 inches). The 
part nearest the speakers was designated the “reinforcement side” and 
the part farthest from the speakers was designated the “waiting side.” 


The animals were trained, by the method of successive approxi- 
mations,” to sit down on the waiting side facing the speakers. At the 
presentation of the tone they crossed the six-inch fence and a piece 
of food was dropped through the ceiling of the reinforcement side into 
a shallow metal dish. After eating, Ss returned to the waiting side, 
sat down, and awaited the next trail. The food drop was accom- 
plished by means of a conveyor belt mounted on top of the training 
box and mechanically operated by E from the other room. 
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After Ss had been trained to wait up to four minutes, audiogram 
determination was begun. The up-and-down method as described 
by Guilford’ was used. The efficiency of this method for audiometric 
threshold determinations has been established.'’ The mean of four 
threshold determinations taken for each frequency at each session was 
considered the threshold for that session. The unit by which the 
intensity of the stimulus was manipulated was progressively decreased 
until the final unit-value of 3 db was reached. The order of fre- 
quency presentation from session to session was randomized and the 
time between trails was varied from ten seconds to four minutes. The 
tone remained on for 12 seconds or until the animal had responded 


and the food had dropped. 


The problem of deciding at what point learning had ceased and a 
true measure of the absolute threshold had been obtained was met. by 
adopting a three-part criterion. 


1. The threshold range of eight consecutive sessions at any fre- 


quency had to be within 6 db. 


2. The mean of the last four thresholds could not demonstrate 
more than one db improvement in sensitivity over the mean of the 
first four sessions. 


3. The last threshold determination could not be lower than the 
other seven. 


Variations in sound pressure level were measured using a Western 
Electric type 640AA condenser microphone and probe tube. The 
output of the microphone was amplified and fed into a General Radio 
Wave Analyzer type 736-A which was operated as a narrow band- 
pass voltmeter. The entire area in which it was possible for S to place 
his head during presentation of the stimulus was probed. 


Cochlear Potential Recording. After the final threshold deter- 
mination had been made Ss’ ears were operated upon,” 
potentials were recorded from the round windows. The two-hole 
technique, as described by Rahm, Strother, and Crump,'* was used. 
The active electrode, which was placed in contact with the round 
window, consisted of a nylon coated copper wire (0.13 mm diameter ) 
to the end of which was soldered a triangularly shaped piece of plati- 
num foil, 2.5 micra in thickness, with an altitude of 3 mm and a base 
of 1 mm. A steel hypodermic needle inserted into the superficial 
layer of the masseter muscle served as the inactive electrode. Coch- 
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lar potentials picked up from the round window were amplified and 
fed into a General Radio Wave Analyzer type 736-A which was 
operated as a narrow band-pass voltmeter. 


The operating room was soundproof and electrically shielded. 
The subjects remained in this room during cochlear potential record- 
ing. The sound producing apparatus consisted of two oscillators, 
one of which had a fixed frequency of 50,000 cps. The second was 
variable from 34,000 to 50,000 cps, thus giving the apparatus a fre- 
quency range of from 1 to 16,000 cps. The signal from each of these 
oscillators went to a detector whose output was connected through 
a filter and an amplifier to a Davan attenuator (type T-690 CR). 
Output from the attenuator fed into a power amplifier which drove 
the speaker (Western Electric 555 receiver). The aerial sound pro- 
duced by the speaker was conducted into the operating room by a 
tube. 


The animal was placed on the operating table so that the open 
end of the sound tube was two inches from the pinna. The head was 
oriented in such a manner that a straight line from the center of the 
sound tube opening would have entered the external auditory meatus. 
The probe of the condenser microphone was then passed by the edge 
of the pinna, just touching it. The opening of the probe was placed 
sO as to just intersect (perpendicularly) the imaginary straight line 
from the center of the sound tube. The microphone was used to 
measure the sound pressure level of the stimulus. 


Cochlear potentials were then recorded for the 11 frequencies. 
The magnitude of the potentials were then recorded for the 11 fre- 
quencies. The magnitude of the potentials was recorded at as low a 
level as the apparatus and the physiological noise level of the prepara- 
tion permitted (generally about 0.5 microvolt). The upper level of 
recorded magnitude was kept well within the limits of linearity.*" 


RESULTS 


Behavioral Results. The ranges of sound pressure variations for 
the 11 frequencies, as measured in the waiting side of the training 
area, were as follows: 


100 cps 2 db ,900 cps 11 db 

200 + 2,900 8 

290 7 ,200 ) 

500 ) 800 8 

700 10 10,000 7 
1,000 10 


au 
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Fig. 1.—Individual cat audiograms. 


The maximum sound pressure level observed at each frequency 
was used in computing the thresholds. As Neff and Hind"! pointed 
out, this procedure reflects the least sensitivity of which the animals 
are capable. On the other hand, as Dworkin et al’ have noted, at 
near threshold intensities the animals actively sample the sound field 
by moving their heads about in it. For these reasons the maxima 
seemed the best estimate for stimulus specification purposes. 


Figure 1 presents the means of the eight threshold determinations 
for each animal at each frequency. 


Neff and Hind have recently carried out a study of auditory 
sensitivity in the cat in which a pure-tone audiogram was established 
for the frequency range of 62.5 cps to 60,000 cps. As Neff and Hind 
noted, their audiogram was the first reported for the cat which used 
direct measures of the sound pressure level. Earlier studies®'* had 
made use of indirect measures, such as electrical input to a sound 
source, for the purpose of stimulus specification. 


Figure 2 presents the cat audiogram as determined by Neff and 
Hind, a human audiogram, and the mean audiogram for the three 
most sensitive cats from the present study. Animal M-24 was not 


included because of his relatively high thresholds (Fig. 1). The 

















erm + 








AUDITORY SENSITIVITY 199 


two cat audiograms show good agreement when compared with the 
various human curves available.’° There are reasons, however, why 
the procedures employed in the present study might be expected to 
result in lower thresholds than those reported by Neff and Hind. In 
the present study the animals were young, a stringent learning criteri- 
on was employed, the stimulus remained on three times longer (12 sec 
as compared to 4 sec), and a smaller intensity unit was used (3 db 
as compared to § db). Probably the most important difference be- 
tween the two studies was in the type of reinforcement used. The 
conditioned avoidance technique which Neff and Hind used presents 
certain difficulties near threshold. If the animal does not respond, E is 
left with the decision of whether or not to apply shock. If § heard 
the tone and no shock is given, the response may begin to extinguish. 
If the animal did not hear the tone and shock is given, spontaneous 
responses increase. Concerning this problem Neff and Hind wrote: 
“Particular care was taken in the present experiment to force each 
animal to respond at the limit of its ability but at the same time to 
avoid eliciting spontaneous responses which are likely to occur when 
an animal is punished often for failing to respond to tones below or 
near threshold."'” This problem does not arise in positive-reinforce- 
ment situations where the reinforcement is only delivered after the 
appropriate response has occurred. 


Cochlear Potential Results. Subject M-24 displayed insensitivity 
to auditory stimuli (Fig. 1) and the operation revealed a progressive 
infection of both ears. The cochlear potentials were of low magni- 
tude; drifts and jumps in magnitude made the response non-repro- 
ducible. For this reason the data from M-24 are not included in 
the results which follow. 


The collected cochlear potential data were treated in the following 
manner. For each ear the data collected at each frequency were plot- 
ted on double-logarithmic co-ordinates. All functions were linear and 
none showed enough variation in slope to change the rank-order 
among Ss. The results presented for M-30 represent data on the 
right ear only. The left ear of M-30 displayed the same clinical pic- 
ture that both ears of M-24 had displayed. The results for Ss F-10 
and F-13 represent the mean of their two ears. Both of these animals 
had ears which were closely similar to one another. 


Figure 3 represents the cochlear potential magnitudes which re- 
sulted when a given sound intensity was introduced into the ears 
of the three Ss. In some cases it was not considered safe to stimulate 
the ear with an intensity of one dyne so that a portion of Figure 3 
was extrapolated from functions recorded at lower intensity levels. 
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Fig. 2.—Audiograms. Two groups of cats and one group of humans. 


The magnitude of the cochlear potentials could not be directly 
measured for threshold stimulation. The limitations of the equipment 
and the physiological noise-level of the preparation prevented this 
measurement. The cochlear potential magnitudes at threshold pre- 
sented in Figure 4 were determined by linear extrapolation from the 
functions recorded at higher intensities. There are good reasons for 
faith in the exactness of the results of this procedure. The function 
of the recorded potentials is linear to the lowest intensities at which 
it is possible to make measurements; killing the animal, and thus 
reducing the physiological noise-level, at once permits recording at a 
level ten times lower”’ and the function still appears linear. The best 
estimate, then, of the magnitude of the cochlear potential at a low 
intensity is a direct linear extrapolation from that portion of the 
function recorded at higher intensities. 


Figure § presents the means of the cochlear potential magnitudes 
at threshold for the three cats. 


Data Analysis. In order to test the predictability of the electri- 
cal theory the data were treated in the following manner. First, 
a search was made for statistically significant differences in the behav- 
ioral thresholds. At each frequency the eight threshold determina- 
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Fig. 3.—Equal-intensity curves. The ordinate shows the magnitude of 
the cochlear potential for a standard sound-intensity of one dyne per sq cm. 


tions for a given cat were tested against the determinations for the 
other two cats. The Wilcoxon Paired Replicates test"* was used. Of 
the 33 possible comparisons, 28 revealed statistically significant dif- 
ferences; two at the .05 level, one at the .02 level, and 25 at the .01 


level. 


The statement concerning relationships put forth under question 
number two in the introduction was then tested as follows. The 28 
significant differences in behavioral threshold were used as predictors 
of rank-order differences in cochlear potential magnitude. Figure 3 
was used to test clause (a) of the relationship statement: a more sen- 
sitive animal generally produces a cochlear potential of greater magni- 
tude for a given sound-intensity. Figure 4 was used to test clause (b) 
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Fig. 4.—The magnitude of the cochlear potential at the threshold of 
hearing. Individual curves. 


of the relationship statement: a more sensitive animal generally pro- 
duces a cochlear potential of lesser magnitude for threshold sound- 
intensity. Each difference in rank-order correctly predicted by the 
electrical theory was scored with a plus; each incorrect prediction 
was scored with a minus. Siegal’s sign test with continuity correc- 
tion'* was used to test the significance of the predictions. The null 
hypothesis of a chance prediction was rejected at the .02 level in the 
case of Figure 3 and at the .01 level in the case of Figure 4. In other 
words, the electrical theory has predicted from behavioral-sensitivity 
differences to rank-order differences in the magnitude of the cochlear 
potential with above-chance success. 


COMMENT 


What is the magnitude of the cochlear potential at the threshold 
of hearing and how does the magnitude relate to frequency? 


The answer to this question, as provided by the data presented 
in Figure 5, is relative to the procedures used in the present study. 
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Fig. 5.—The magnitude of the cochlear potential at the threshold of 


hearing. Mean-data from Figure 4. 


For example, the choice of the position of the active electrode affected 
the results. As Wever and Lawrence have shown,’ the potentials re- 
corded at the round window exceed those recorded at the apex of the 
cochlea by an amount which varies with frequency. Thus any 
change from the round window site would probably raise most of 
the points in Figure 5 to some higher value and, at the same time, 
change the shape of the function. 


According to the electrical theory of auditory-nerve stimulation, 
Figure 5 represents the minimum adequate stimulus for the neural 
processes, as recorded from the round window. The magnitude of 
the potential at the actual site of stimulation, i.e., at the nerve fibers, 
is undoubtedly greater than that recorded from the round window 
since the potential has been attenuated by the cochlear fluids. Esti- 
mates of this attenuation vary,*''’*' but there is agreement that it is 
considerable. 


With the above fact concerning attenuation in view, it at first 
seems strange that 10,000 cps should have such a low value. It has 
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been repeatedly demonstrated that high tones exhibit maximum ampli- 
tude of basilar-membrane displacement in the base of the cochlea. 
For tones lower in frequency the maximum moves toward the apex. 
Thus, the round-window position probably offers a truer picture of 
the actual cochlear potential magnitude for a 10,000 cps tone than 
it does for a tone lower in frequency. Since the fluid pathways to 
the round window are relatively short for 10,000 cps, the attenuation 
must be correspondingly less and the expectation might be of a rela- 
tively large cochlear potential. Another factor which must be con- 
sidered, however, is the relative spread of the response in the cochlea. 
A general statement of this relative spread is that it is large for low- 
frequency tones and small for high-frequency tones. For 10,000 
cps, then, the spread of effective activity is small relative to the other 
frequencies used. Therefore the energy is concentrated over a smaller 
area of the basilar membrane. The low value exhibited by the high 
tones was anticipated by Wever who wrote: “A sound attains thresh- 
old loudness, we suppose, when it excites some minimum number of 
nerve impulses, and its success in doing so depends not only on the 
amount of energy applied but on the distribution of that energy. Be- 
cause nerve fibers have a threshold below which excitation is wholly 
ineffective it is more advantageous, when the quantity of energy is 
small, to focus it on only a few elements rather than to spread it over 
a great many. The high tones, for which the stimulus action is rela- 
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tively concentrated, secure an advantage on this account. 


This position is supported by the gradual decline in magnitude 
from 1,000 cps to 10,000 cps, with the exception of 6,800 cps. The 
value for 6,800 cps appears aberrant. Reference to Figure 4 reveals 
that two of the three animals showed a sudden change in direction 
for this frequency. The writer has no explanation to offer as to why 
such a shift occurred; it is simply suspected that the 6,800 cps point 
represents some sort of aberration and that the actual value should 
be six or seven db less than that depicted. 


The high values resulting for the low frequencies are attributable 
to a different factor. At low frequencies a relatively large neural 
component is present in the cochlear potential recording due to a great 
number of nerve fibers firing in phase. As frequency is raised the 
number of neurons firing per cycle is reduced, and the neural com- 
ponent grows smaller. 


With what success may we predict from behavioral-sensitivity 
differences (from animal to animal) to the relative magnitudes of 
the cochlear potential? 
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The answer to this question is that we may predict with better 
than chance success. A general statement of the relationship dis- 
covered is that which is predicted by the electrical theory of auditory 
nerve stimulation and may be phrased as follows: if animal A is more 
sensitive than animal B for a given frequency, it is probable that 
animal A exhibits a cochlear potential of greater magnitude for a 
common sound-intensity, and a cochlear potential of lesser magnitude 
for threshold sound-intensity, than animal B exhibits. 


The sort of predictability test employed in the present study can- 
not prove the electrical theory if it succeeds, but it can question it if 
it fails. Because of the narrow limits within which the theory suc- 
cessfully operated, the results are interpreted as strong support for 
the electrical theory. It is difficult to conceive of the cochlear poten- 
tial reflecting so accurately the action of the neural stimulus without 
actually being the neural stimulus. 


In 1951 Ash wrote, “The precise relationship of cochlear response 
levels to acuity threshold levels is not yet clear.”' It is felt that, 
although much work may be needed to determine the precise rela 
tionship, the present study has established the general relationship. 


SUMMARY 


This study was designed to determine the magnitude of the 
cochlear potential at the threshold of hearing and its relation to fre- 
quency, and to test the electrical theory of auditory nerve stimulation 
through predictions from behavioral-sensitivity differences to the 
relative magnitudes of the cochlear potential. 


Audiograms were determined for a group of cats using 11 fre- 
quencies in the range of 100 cps to 10,000 cps. The animals were 
trained to cross a barrier for food at the sounding of a tone. Follow- 
ing audiogram determinations, the ears of the animals were operated 
upon and cochlear potentials were recorded from the round windows. 


The major findings were as follows: 


1. The magnitude of the cochlear potential for behavioral- 
threshold sound-pressure levels was determined and its relationship 


to frequency was presented and discussed. 


2. Predictions from behavioral-sensitivity differences to differ- 
ences in cochlear potential magnitudes can be made with betier than 
chance success. The following general relationships were determined: 
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a. A more sensitive animal generally produces a cochlear po- 
tential of greater magnitude for a given sound-pressure level than a 
less sensitive animal produces. 


b. A more sensitive animal generally produces a cochlear po- 
tential of lesser magnitude for behavioral-threshold sound-pressure 
level than a less sensitive animal produces. 


3. One animal exhibited very high behavioral thresholds. The 
operation disclosed infections of both ears and the resulting cochlear 
potentials were of low magnitude and unreliable. 


4. The data support the electrical theory of auditory nerve stim- 
ulation. 


WILLIAMS CoLLEGE, Dept. oF PsYCHOLOGY 
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FACIAL KINETOGRAPH 


A DESCRIPTION OF A METHOD FOR THE STUDY 


OF NEW TREATMENTS FOR FACIAL PARALYSIS 


AucGust L. STEMMER, M.D. 


Boston, Mass. 


A universally acceptable method that permits scientifically accu- 
rate graphic representation of facial function over prolonged inter- 
vals of time is worthy of attention as it is a basis for all therapeutic 
programs in any type of facial paralysis. The following method has 
been chosen because of its simplicity, ease of adaptation, and accessi- 
bility within the usual hospital facilities. The facial kinetograph is a 
radiographic instrument for demonstrating and recording early clin- 
ically recognizable changes in facial muscular movement. This 
method is to be considered on a separate basis from the electromyo- 
graphic methods now available to the physiotherapist and the physiol- 
ogist; that is to say, the earliest detection of the electromuscular 
activity does not fall within the realm of facial kinetography whose 
job it is to record the percentage of return to normal muscular func- 


tion in a given period of time. 


A review of the literature under the headings: 1) facial: a. ex- 
pression; b. paralysis; c. radiographic movement; 2) muscular move- 
ment: a. contraction; b. movement; c. radiography; 3) paralysis: a. 
facial, has failed to disclose a simpled method. The articles which 
could not be obtained are so listed in the references. 


Clinically recognizable, gross facial movement is still the final 
basis for the evaluation of facial nerve function. 


Most of the attempts at depicting gross facial movement center 
around photography. Hayes Martin’ superimposes one photograph 
upon another, thus allowing for a comparison of changes over a period 
of time. Others have used motion pictures. Although good, these 
methods have shortcomings in determining end points and in con- 


From the Department of Otolaryngology, Massachusetts Eye and Ear Infirmary, 
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fusion which arises from extraneous detail such as hair arrangement, 
weight, etc. Bony reference points are constant whether the patient 


has gained weight or not. 


It is an easy matter to affix a small lead marker to the labial 
commissures and record their movement when the patient smiles dur- 
ing the roentgen ray exposure of an x-ray film. By comparing the 
abnormal with the normal side, after correcting for “skew,” one is 
able to arrive at a measure of function during any period of time 


(Fig. 1). 


MATERIALS 


At first, small sections of paper clips were utilized. Next, small 
pieces of lead shot were attached with collodion to the face. The 
usual radiographic equipment, utilized in sinus films, was all that was 
necessary to produce easily interpretable results. To further study 
these results, a heavy piece of lead soldering wire was bent into the 
shape of a jaw, and was swung in front of an x-ray plate and exposed 
at various angles, to judge the amount of distortion or “skew” that 
one could expect in moving the chin in extreme positions off of the 
midline. A head holder can be worked out so that each patient may 
be placed in successively identical positions at different times, for an 
easier interpretation of the findings. However, this is not necessary 
and it becomes clear that with a simple knowledge of the types of 
distortion one can readily come to a reasonably accurate determina 


tion. 


TECHNIQUI 


The patient is seated in front of the x-ray cone with his head 
tilted forward (Fig. 2) at an angle of approximately 30 degrees, so 
that the lead shot placed at the commissures will be readily differen- 
tiated from metal fillings in the patient’s teeth, which may lie in 
juxtaposition. He is then told to smile and to relax on the 1-2 count; 
one, smile; two, relax; allowing one second second for the height of 
the smile and one second back to normal. Thus, a two-second ex 
posure is practical and there is little bony movement to obscure inter 
pretations. The dried film is then placed on an x-ray viewing box 
and lines can be drawn to show the outermost extremes of movement 


on both sides. 

To estimate the amount of skew, one selects a center point which 
can be readily used for reference, such as the contact point between 
the two lower central incisors, or the genial tubercule of the mandible, 
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Figure 1 


along with the right and left lingula mandibulari, or the condylar 
heads. A line is then drawn connecting these points on each side, 
forming a “V”. If the “V” is in a central position, interpretation 
can be considered within the limit of error of the investigator’s ability 
to measure approximately '4, mm to 2 mm with mechanical drawing 
instruments. If the “V” is falling on its side with elongation of one 
of its legs, one must consider that foreshortening exists and the per 
cent of error can be calculated (Fig. 4). 


The true vector relationships involved in actual calculation of 
percentage error are rather complex for general clinical use and they 
do not seem necessary for the gross observation intended. Better 
corrections of the geometric error may be evolved; however the fol- 
lowing assumptions seem useful at this stage, since they reflect the 
complexities of the three dimensional geometric problem which has 
not been perfected as yet: 


1. The longer leg of the ‘““V” is erroneous since a more accurate 
interpretation depends on less elongation of the mandibule at the 
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Figure 2 


expense of possible confusion between markers and fillings as men- 
tioned under the above method earlier. 

2. If the film margins are in such a manner as to be horizontal 
and parallel with the floor and ceiling, then for proper results, both 
legs of the “V” are of equal length, with its apex at the center, hang- 
ing like a plum line. 


3. Since the radiograph has the unique ability to disassociate the 
horizontal and vertical planes,, if the right and left side are dependent 
upon each other for their gross movements (i.¢c., both labial commis- 
sures move with chin), then notable skew might be more likely to 
exist when the chin is moved both sideways and down at the same 
time. Vertical and horizontal apparent skew, i.e., as it appears to be 


on the film, if able to cause error could do so singly or in combination 
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Figure 3 


since interpretation is dependent upon a complex interrelationship of 
variable smile vectors to each other and to their position in space. 
Therefore, despite the fact that similar measurements of leg length, 
etc., could give a more accurate correction of the actual complexities 
of all of the vectors involved, at present, a selection of a central axis 
seems to more clearly represent the central idea that many vectors are 
concerned—none of which have been accurately analyzed. Justifica 
tion of such an approach lies only in the fact that to undertake a 
complex vector analysis study would prolong the time in which the 
method would be tested on large groups; possibly at the expense of 
finding the geometric errors nearly negligible in comparison to those 
lying within other shortcomings of this method. 


Using a compass and straight edge, by utilizing the free margin 
of the x-ray film (since it was placed at a true vertical with the pa- 
tient) one draws a horizontal, level with the shortest leg of the “V” 
The length of the apex (true axis) is measured from the horizontal 
line just drawn and is considered the true commissural movement. 


The erroneously elongated leg is then geometrically reconstructed by 
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Figure 4 


placing it upon this horizontal line without changing the distance of 
this inverted triangle’s base. Again, a vertical axis is obtained, this 
time corrected for the new triangle’s horizontal base. One then con- 
siders that the labial commissural movement on the side of the elong- 
ated leg was foreshortened by the percentage of elongation of the 
corrected vertical axis if the axes are separated by greater than approx- 


imately 4 mm. 


Final interpretation can be made in terms of normal movement 
such that if the paralyzed side shows a length between markers of 
approximately one-half that of the normal side, one can, simply, 
and despite obvious liberties with interpretation, come to a reasonable 
conclusion that there has been approximately a 50 per cent loss of 


facial movement on the affected side 


When one’s method is perfected, he may find that if the actual 
elongation of one leg is less than 4 mm, there is no need to figure the 
error since it is less than two per cent which is less than that consistent 


with the abilities of most investigators to estimate fractions of a mm 
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RESULTS 


As a pilot study in an effort to determine the likelihood of error, 
the lead solder reconstruction of a jaw, mentioned earlier, was made, 
and this was moved into various positions. It was found that a down 
ward and sideways tilt of several centimeters was necessary before 
readily measurable error could be produced. This was found to be 
directly related to the horizontal axis, as previously described, and 
dependent on the interrelation of both movements. 


Thirty-five normal facial kinetographs were obtained, utilizing 
a rough gross segment of age groups between 18 and 65. A difference 
of commissural movement from the left side to the right between 0 
and 234 mm was discovered. The percentage of error ranged as 
high as 16.0 per cent in only one case, despite the use of a headholding 
device. This allows for a rough interpretation of the error of method 
in the category of approximately 2 mm, and since the general average 
was slightly less than 20 mm, one may estimate that an error of 
approximately 10 per cent lies in the methods of measurement, inter- 
pretation, and actual differences in the smile of normal individuals. 
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The amount of actual distortion of the image is small, due to the 


large difference in object-to-film distance since the x-ray tube is 
placed at a distance of some three to four feet from the film while the 
labial commissures are approximately five inches from the film. The 
end points are considered as the discernible extent of movement; 
therefore, some error lies in interpretation of the furthermost extent 
of the blur which is clear or vague depending upon smoothness or 


jerkiness of the facial movement. 


Of those patients studied for facial paralysis, the case of H. E. 
is of interest in that this individual had a facial kinetograph taken 
immediately at the outset of his facial paralysis due to otitis media. 
Che interpretation was that of no discernible facial movement (Fig. 
3A). Ten days later, upon active therapy of the subacute and 
chronic otitis media, a facial kinetograph showed approximately 3 
mm of movement as compared to the normal of 19 mm roughly 
interpreted as 1§ per cent return of movement (Fig. 4). Six days 
after this the interpretation of 65 per cent return of facial movement 
could be made as seen in Figure 5. Allowing for a final interpreta- 
tion of 65 per cent return of function after 16 days of therapy. Util 
izing several more points, including that of almost complete return, 
one could plot the linear relationship of return with this form of 


therapy on a graph against time. 
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COMMENT 


The facial kinetograph evolved when it was clear that, despite 
the large number of observations made in the paper of Parks and 
Watkins,* many clinicians are dependent upon small case groups. 
Since one cannot always increase the size of a single group, he may 
be able to establish the observable differences to a point where they 
can be compared to similar groups in other geographical areas by 
other investigators at different times. 


After a survey of the literature, a new therapeutic approach 
has been undertaken utilizing Wydase, a tissue spreading agent con- 
taining hyaluronidase which is to be presented in detail at a later 
date. The consideration, that an injection of a spreading agent at the 
stylomastoid foramen and behind the tympanic membrane, might 
help to determine the creditability of edema of the facial canal, arose 
from a conviction that more attention should be given to the possibil- 
ity that a viral perineuritis is the etiology for most idiopathic facial 
paralysis. This, because of several observations, that seem to be 
drawn to one’s attention more and more often with each case of acute 
Bell’s palsy that is seen. They are: 


a. A large majority of the patient’s complaints are of a general- 
ized feeling of malaise often similar to that associated with upper 
respiratory infections. This lasts only a day or two and is present at 
the outset of the acute phase of paralysis. 


b. Many of the more observant patients notice that the paralysis 
comes on gradually over a period of several hours and these patients 
stand out in sharp contrast and contradistinction to those patients 
who simply say that they were watching television when it suddenly 
happened. What they often mean is, they first noted the onset of a 
sharp sticking pain which is often first perceptible in the occipital 
regions rather than sudden complete facial paralysis. This frequently 
is interpreted as a full feeling on that side of the head and finally 
is localized to a point immediately beneath the external auditory 
meatus which is very commonly found to be tender for the next six 
to eight days throughout the acute phase of the illness. 


c. This point of tenderness lies directly over the facial trunk as it 
exists from the stylomastoid forzmen and to present appearances may 
be clearly defined and influenced by injections of a spreading agent, 


is will be described in a forthcoming publication. 


d. It is extremely unusual to have a bilateral idopathic paralysis 
of the VII nerve and, therefore, one cannot help but be drawn to 
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the very unique circumstances of the VII nerve, in that it passes 
directly through the substance of a gland which is certainly suscepti- 


ble to viral infections. 


e. The direct association of decreased parotid secretions of the 
affected side is often present and does not seem to be directly due to 
similar paralysis of the parasympathetic or sympathetic pathways sup- 
plying the affected parotid gland; it may more likely be the manifes- 


tation of a virus disease. 


The above method is presently being utilized in patients receiving 
an injection of Wydase, ranging from 1£0 to 1,500 T. R. units in 1 
ce of saline at the stylomastoid foramen and behind the tympanic 
membrane. One such case is indicated in this paper only by way of 
utilization in demonstrating the use of the facial kinetograph in 
paralyzed cases (Table II). 


Most new methods depend upon repeated case application and 
statistical analyses to prove their real merit; this one is certainly far 
from an exception. It will be up to the clinician to weigh the merits 
of the information gained versus radiation involved in a single film 
for the knowledge in individual cases and knowledge of a group as a 


whole. 


It is hoped that those seeing the frequent cases during their six- 
day acute stage do not jump to accept any therapy, before complet- 
ing studies such as electromyography, salivary and.serum compliment 


fixation tests, cytology and facial kinetography. 


SUMMARY AND CONCLUSION 


The facial kinetograph, a roentgenographic method for the docu 
mentation of facial nerve paralytic changes, has been described; mate- 
rials, methods and techniques outlined; and the results and interpreta 


tions analyzed. 


In the comment, an effort was made to establish this clinically 
easily adaptable method for general use to represent all facial paralysis 
cases in graphic form in order that small case groups may be utilized 
in such studies as the author has undertaken with hyaluronidase injec- 
tions at the stylomastoid foramen and behind the tympanic mem- 


brane. 
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LYMPHOSARCOMA: A PROBLEM FOR THE 
NOSE AND THROAT SPECIALIST 


ALBERT P. SELTZER, M.D. 


PHILADELPHIA, Pa. 


Lymphosarcoma of the upper respiratory tract is a malignant 
growth that is said to be comparatively rare at all ages, especially in 
the young. Instances have been reported in very early childhood, 
as well as the sixth decade or later. Thus, this rarity is of considerable 
interest, since the abundance of lymphoid tissue in this region, partly 
represented by Waldeyer’s ring, would seem to favor its occurrence 
there. 


Lymphosarcoma, in Mallory’s opinion, is only one manifestation 
of a disease condition which may also occur in other forms, a lympho- 
cytoma, lymphoma, lympholeukemia, Hodgkin’s disease, and others 
of a similar nature. 


By lymphoid is understood a tissue made up of masses of usually 
small round mononuclear cells in a supporting fibrous reticulum, 
familiarly seen in lymph nodes, and in some mucous membranes as 
in the intestinal canal (Peyer’s patches). 


The cells called lymphocytes appear in the stained specimen as 
a nucleus, which stains a deep blue, surrounded by a narrow layer 
of pale blue cytoplasm. They form the larger part of lymphoid 
tissue, and are also present in the circulating blood as a mononuclear 
form of leucocyte with some variation in their size and in the relative 
proportion of nucleus to cytoplasm. 


Lymphosarcoma is considered to be the most important malig- 
nant growth of lymph nodes. It has been observed to occur twice 
as frequently in males as in females, and at any age, as has been noted, 
but more often in the fifth and sixth decades. It develops compara- 
tively slowly, with more rapid later growth and with exceedingly 
rare recovery with any treatment. 





From the Department ot Otolaryngology, Albert Einstein Medical Center, 
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It begins most often with the enlargement of a group of lymph 
nodes, or rarely of a single node, and grows to penetrate the capsule, 
extending into the surrounding tissues, with in some cases further 


extension by metastasis to more distant regions. 


Microscopically, the tumor tissue is richly supplied with blood 
vessels; mitoses are present, and there may be hemorrhagic areas, and 
sometimes ulcerations. 


Clinically, one diagnostic sign of tonsillar lymphosarcoma is 
the notable enlargement of only one tonsil; the surface may be 
rounded and smooth, or it may be nodular sometimes to a degree that 
has been called polypoid. The tumor is usually soft, and may bleed 
easily, even if brushed with a cotton applicator, or there may be 
ulceration of the surface. 


Accepted treatment of lymphosarcoma of the tonsil includes, 
first of all, radical excision of the involved tissue. If the growth is 
still sharply localized, there is a possibility of complete removal and 
recovery. But as in other cases of malignant growths, the patient 
is seldom seen early enough to accomplish this end, in which case, 
treatment can be only palliative, with irradiation following the re- 
moval of the malignant focus. 


The general effect of the radiation treatment will depend on 
the rapidity of the tumor growth. Some have been described as more 
or less chronic. In cases where there is rapid growth, although the 
irradiation may be followed by apparent arrest, this effect is usually 
only temporary and is soon followed by re-appearance of the tumor, 
with later metastasis to distant parts of the body. The following 
case seen by the writer presents points of interest: 


REPORT OF A CASI 


Male, Negro, 31 years of age. The patient complained of sore 
throat, mainly on the right side. He said that his tonsils had been 
removed five weeks earlier, though the history at the hospital where 
this was done recorded a tonsillectomy at the age of seven years. He 
complained also of difficulty in speaking and swallowing; that the 
latter had interfered with his taking food, with a consequent consid- 
erable loss of weight. The earlier history mentions tube feeding. A 
throat examination showed a growth about the size of a large bean 
in the tonsillar fossa on the right side. On palpation, it appeared to 
be about the same consistency as that of the surrounding tissues. He 
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asked that the growth be removed, and on March 22, 1957, he was 
admitted to the writer’s service at the hospital, where a complete 
physical examination was reported negative in all fields, except the 
right side of the pharynx, as noted above, where there was a mass in 
the right tonsillar region, and cervical adenopathy. A biopsy on this 
tumor tissue gave a report of lymphosarcoma. Since the earlier 
throat operation, the patient had been receiving irradiation treatment 
to the right side of the neck, with definite diminution of the enlarged 


cervical nodes. 


At the time of the present operation, the patient asked that 
he be given general anesthesia, as the previous one, which had been 
done with a local anesthetic, was too painful. Accordingly, he was 
given intravenous sodium penitothal with general anesthesia. The 
tab of tonsillar tissue was grasped with a snare, and the growth was 
removed. The procedure took only a few moments, but the resulting 
bleeding was finally controlled only after about an hour and a half. 


On recovery from this operation, the patient was discharged, but 
was re-admitted and discharged from the hospital four times between 
March 22, 1957 and July 17, 1957 during which time the treatment, 
other than surgical or x-ray, consisted of the administration of corti- 
sone, ACTH, and nitrogen mustard. 


While in the hospital in July, 1957, the patient began to have 
difficulty in breathing, and a tracheotomy was done following an 
endoscopy. The report on this examination revealed a “firm ulcerat- 
ing mass, covered with necrotic tissue, involving the right side of 
the hypopharynx and the base of the tongue”; there was also edema 
of the glottis, but a note mentions that ‘the airway is adequate.” 
Neither the floor of the mouth, nor the left side of the throat were 
involved at that time. 


By August 5, 1957, there was definite shortness of breath, and an 
unsuccessful attempt was made to secure an adequate airway by the 
insertion of a bronchoscope. This attempt having failed, the larynx 
was exposed by means of an adolescent laryngoscope, which showed 
the epiglottis and nearbly areas were extensively involved. This pro- 
cedure led to complete respiratory obstruction, and cyanosis devel- 
oped. To relieve this condition, a tracheotomy was done at once by 
making a vertical incision of the skin at the lower border of the 
thyroid cartilage, extending about one inch downward, and intro- 
ducing a No. 6 tracheotomy tube to provide an airway. For a short 
time, artificial respiration was carried out, with the administration 
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of oxygen through the tracheotomy tube, to which the patient re- 
sponded promptly. The wound was packed with plain ribbon gauze, 
and a dressing applied. By the time the patient left the operating 
room, a good airway had been established. 


The patient died suddenly in the afternoon of August 29, 1957, 
five weeks after the last admission. The recorded cause of death was 
“respiratory obstruction due to lymphosarcoma of the pharynx.” 


SUMMARY 


A young colored man, whose tonsils had been removed when 
he was seven years old, began to have recurrent, then persistent sore 
throat at 31 years of age. At the time, tumor tissue was found on 
the throat examination, in the right tonsillar region, which was re- 
moved by surgical operation. Five weeks later, he consulted the 
writer for.sore throat, with difficulty in swallowing and speaking, 
which proved on examination to be caused by a recurrent growth in 
the right tonsillar fossa. Biopsy of this tumor tissue confirmed an 
earlier diagnosis of lymphosarcoma, and a radical operation was done 
for the complete removal. After repeated recurrence and extension 
to the right cervical lymph nodes, irradiation to the right side of 
the neck was given, with temporary good recession of the lymph node 
involvement. X-ray treatment was discontinued temporarily, both 
because of this result on the cervical condition and also because a 
radiation dermatitis had developed. Medical treatment was given in 
the form of cortisone, ACTH, and nitrogen mustard, without favor- 
able effect, and the pharyngeal malignancy continued to extend, to 
include the epiglottis and the surrounding tissues, with final respira- 
tory obstruction, necessitating tracheotomy which gave only tem- 
porary relief, with death of the patient, seven months after the first 
operation for tumor. 


2104 Spruce ST. 
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XX 
AN ANALYSIS OF ONE THOUSAND 
CASES OF HEARING LOSS 
IN CHILDREN 


FRANK KODMAN Jr., PH.D. 
GERALD SPERRAZZO, M.A. 


LEXINGTON, Ky. 


A sample of 95,000 school children was tested with individual 
and group methods of pure tone audiometry. The details of this 
study will be found in an as yet unpublished manuscript by Kodman"™ 
who served as technical director of the testing phase of the project. 
The present study concerns an analysis of 1,000 children with hearing 
loss who were selected at random from the hearing loss group. Hear- 
ing loss was defined as two or more thresholds of 25 db or greater at 
the octave frequencies of 250, 500, 1,000, 2,000, 4,000 and 8,000 


cycles in either ear. 


Of special interest are the mean thresholds of the group for 
the test frequencies 250, 500 ,1,000, 2,000, 4,000 and 8,000 cycles. 
Figure | is a plot of the thresholds. The results show a flat loss with 
the exception of the threshold at 4,000 cycles. Chi square was com- 
puted and found to be 1.176 which is not significant for five degrees 
of freedom. We cannot, therefore, reject the null hypothesis of 
the differences between the thresholds being attributable to chance. 


In Figure 2 the mean thresholds are plotted for the right and 
left ears of the females; in Figure 3, of the males. In both Figures 
2 and 3 the left ears show the greater loss. These differences will be 
subjected to statistical test. The reader will note the parallel difference 


between the ears of both sexes. 


LOSSES BETWEEN RIGHT AND LEFT EARS 
The following hypotheses are offered in the analysis of these 
cases. 


1. There will be a significant difference between the number of 


losses in the right ear in males and females. 
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IPR 


rABLE | 
MALES bPMALI x= SIGNIFICANT 
Rt. ear 333 338 036 No 
Lt. ear 398 397 No 
Both ears 731 737 No 


2. There will be a significant difference 


between the number of 


losses in the left ear in males and females. 


3. There will be a significant difference between the number of 


losses in both ears. 


In Table I are shown the results of the chi square (X*) test of 
significance applied to the data to evaluate the three hypotheses above. 


The results of the chi squares do not support the hypotheses. 
In other words, there was no statistical difference between the right 
ears of males and females or between the left ears of males and females 
or between both ears of males and females. 
BETWEEN 


LOSSES EARS WITHIN SEX 


To evaluate the ears within sexes, the following hypotheses are 
offered. 


1. There will be a significant difference in the number of losses 


iCs, 


among the right ears of the ma 
2. There will be a significant difference in the number of losses 
between the right and left ears of the females. 
3. There will be a significant difference between the right and 
left ears of both sexes. 


In Table II] are shown the results of the chi square analysis 


applied to the data to evaluate the above hypotheses. 


TABLE Il 
RT. EAR LOSSES LT. EAR LOSSES x= I 
Males 333 398 5.76 Os 
Females 338 399 5.03 os 
Total 671 797 10.94 01 
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In the right hand column, the reader will note that the differ- 
ences between the right and left ears for each sex is significant at the 
.05 level. The differences between the right and left ears of both 
sexes is significant at the .01 level. Thus we can conclude that there 
was a significantly greater number of hearing losses in the left ears 


of both the males and the females. 


MONAURAL LOSSES 


There were 102 right ear monaural losses and 129 left ear mon- 
aural losses in the male hearing loss group. A chi square of 3.155 was 
not significant. For the females there were 66 right ear monaural 
losses and 131 left ear monaural losses. A chi square of 21.446 is 
statistically significant at the .01 level. This means that there were 
more monaural losses in the left ears of the females in the hearing 


loss group than could be expected on a chance basis. 
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Examining the number of monaural losses between sexes, a sig- 
nificant difference was found between the right ears. There were 
102 right ear monaural losses in the males and 66 right ear monaural 
losses in the females. A chi square of 7.714 is significant at the .01 
level. Thus we can conclude that monaural loss occurred with 
greater frequency in the right ears of the males than in the right 
ears of the females. No difference was found for the left ears. 


BINAURAL LOSSES 


There were 269 binaural losses in males and 277 in females. 
A chi square of .117 is not significant. In Table III is shown the 
incidence of monaural versus binaural losses between sexes. 


FABLE Ill 
NUMBER OI NUMBER OI 
MONAURAL LOSSES BINAURAL LOSSES x= Pp 
Males 231 269 2.888 
Females 197 277 13.50 01 
428 546 14.295 01 


The results show a significant difference between the number of 
binaural losses versus monaural losses for the females. The females 
had a greater number of monaural losses in the left ear than in the 
right ear. This was not found for the males. The females also 
showed a greater number of binaural than monaural losses. For the 
total sample, binaural losses also occurred significantly oftener than 


monaural losses. 


Previous investigators have noted the possibility of differences 
in the incidence of hearing loss among ears within and between 
sexes. In the present investigation, no statistical difference was 
found between the number of losses for the right ears of the males 
and females or between the number of losses for the left ears. 


Significant differences were found in the incidence of losses be- 
tween ears within sexes; in other words, there was a significantly 


greater number of losses in the left ears of both males and females. 
Why there should be more losses in the left ear than in the right 
ear of each sex is not readily explained. 
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COMPARISON OF FINDINGS WITH OTHER STUDIES 


There is a consensus of opinion that approximately five per cent 
of public school children in the United States have a hearing loss that 
warrants medical or educational attention or both. In the present 
survey, approximately five per cent of the children had a mild-to- 
severe hearing loss. In 1950 the Scottish Education Department, 
Edinburgh, reported their incidence of hearing loss as ranging from 


five to eight per cent for school children."' 


Curry,'* Goldman* and Kodman, Acuff and Stockdell” did not 
find a statistical difference between monaural and binaural hearing 
losses. This was not supported by the present study which found 
that binaural losses occurred significantly oftener than monaural 
losses. 


Previous investigators, Curry,'~ Goldman, Glorig, et al.,‘ and 
Steinberg, Montgomery and Gardner'’ found that males had a sig- 
nificantly greater number of hearing losses than females. There was 
a tendency toward a greater number of losses in the males in the 
present sample; however, the trend was not statistically significant. 
The incidence of loss for the males was 5.26 per cent and for the 
females 4.74 per cent. 


Losses occurred more frequently in the left ear in both sexes. 
Glorig et al.’ tested a sample of 3,500 persons ranging in age from 
10 to 79 years and also found significantly more left ear losses than 
right ear losses in each sex. They did not find that handedness and 
the better ear were significantly related. There was also no statistical 
difference between the numbers of right handed and left handed per 
sons who had better hearing in the left ear. 


Consideration has been given to the classroom teacher’s ability 
to detect mild-to-severe hearing losses in pupils. Curry,’' Geyer and 
Yankauer® and Kodman'’ have found that the teacher did slightly 
better than chance in detecting hearing loss pupils. Kodman et al."' 
evaluated teachers and parents in their ability to detect hearing loss 
in pupils. In both cases, pure tone audiometry was far superior in 
detecting hearing losses. The major conclusion to be drawn is that 
public school audiometry is needed to safeguard the auditory sensi- 
tivity of our school children and thus insure them equivalent educa 
tional opportunity. 


UNIVERSITY OF KENTUCKY 
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Abstracts of Current Articles 


EAR 


Vhe Significance of the Cuticular Scrip for the Development of Cholesteatoma 


of the Middle Ear 
Link, R.: Acta Otolaryng. (Stockh.) 49:411-420, 1958 (in German). 


There is a difference in opinion as to the genesis of cholesteatosis. 
Whereas in the Anglo-Saxon literature it is generally maintained 
that cholesteatosis is most likely caused by metaplasia of the mucosa 
of the middle ear, writers from the German-speaking countries as a 
group have always adhered to the theory that epithelium from the 
external ear canal invades the middle ear spaces, mainly the attic. 
Opinion is divided, however, as to the primary cause of this invasion: 
is it a necrotizing osteitis within the middle ear, which the epithelium 
attempts to cover, or is it a specific “growth potential” of the epitheli- 
um itself? |The entire problem has recently been reviewed by L. 
Riiedi; cf. this Journal 66:283, 1957, Rev. | 


The paper to be reviewed here deals with one particular aspect of 
the cholesteatosis problem, namely, the postulated growth potential of 
the epithelium of the external ear canal. The author first makes the 
point that the epidermis of the osseous portion of the canal is not thin 
and atrophic (as it is usually described) along its entire circumference, 
but that a well-developed strip of cutis exists along the upper wall. 
This latter part of the wall is made up by the squamous portion of 
the temporal bone, in contrast to the remainder which is formed by 
the tympanic portion. The vascular supply of the epithelial lining 
also differs within the two portions: that of the tympanic portion 
comes from the deep auricular, the same artery which supplies the 
hypotympanum, whereas the cuticular strip receives its supply from 
branches of the temporal and retroauricular arteries. The same vessels 
continue along the handle of the malleus toward the umbo to form 
the inner radial plexus of the ear drum and among other areas to 
supply Shrapnell’s membrane. 


Among 79 specimens dissected from human ear canals, the cutic- 
ular strip was found strongly developed in 28 cases and all these were 
associated with poor pneumatization of the mastoid. In contrast, 
well-pneumatized mastoids were invariably found to possess a thin 


cuticular strip of lesser development. The author reasons that the 
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growth of the mastoid and of the zygomatic process, both of which 
contribute to the formation of the roof of the external canal during 
the process of pneumatization, determines the development of the 
cuticular strip: the poorer the pneumatization, the more the cuticular 
strip keeps growing thus developing a strong vascular system. 


In order to test the concept of the epithelial growth potential, 
the author conducted experiments in guinea pigs. Following the 
technique of Berberich, Hoshiya, a.o., artificial cholesteatomas were 
produced by application of cancerogenous material (.3 per cent 3-4 
Benzypren in Benzol). This solution was applied daily for 16 weeks 
to a marginal perforation which had been surgically made for this 
purpose. 


In twelve of the animals (group I), a transverse section of the 
cuticular strip was resected at the time the perforation was made 
so as to interfere with its blood supply. In a second group (II) of 
animals, the cuticular strip was left intact. All animals in group II 
developed histologically verified cholesteatomas within the period of 
observation. Of group I, seven animals did not show any signs of 
cholesteatoma, whereas in the remaining five the “squamous epitheli- 
um produced cyst-like or solid processes which had grown into the 
submucosa via the defect within the ear drum.” The author believes 
that in the latter cases of group I the resection of the cuticular strip 
had not been executed with sufficient thoroughness so as to really 
impair its blood supply. Statistically, the difference between both 
groups proved to be significant. 


The author concludes that the growth potential of the epidermis 
of the external canal is a reality and that it is a specific property of 
the cuticular plate which borders on Shrapnell’s membrane, i.e., the 
area of the ear drum where marginal perforations are known to de- 
velop. 


TONNDORI 


Subjective Vestibular Symptomatology in Otosclerosis Patients Before and After 
Fenestration 


Felisati, D.: Archivio Ital. Di Orologia Rinologia e Laringologia 69:26-51 (Feb.) 
1958. 


In a group of 87 otosclerosis patients the author studied the sub- 
jective vestibular symptomatology before fenestration surgery, imme- 
diately after surgery, and within the next four years. The cases have 


been divided into three groups. Group A consists of those patients 
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with air conduction between 35 and 40 db for the middle frequencies 
(512 to 2-48) and bone conduction almost normal; group B, air con- 
duction between 40 and 60 db and bone conduction corrected follow- 
ing Carhart, with a loss of more than 10 db in one of the middle fre- 
quencies; group C air conduction between 60 and 80 db and for the 
corrected bone conduction a loss of more than 10 db for two or three 
of the middle frequencies. Sixty-seven patients were operated upon 
using the Lempert technique and 20 using the Wullstein technique. 
The vestibular symptoms are divided into three groups: one, slight 
disturbances of balance or light-headedness; two, spontaneous dizzi 
ness aggravated by movements of the head and disturbance of balance; 
three, marked dizziness with disturbances of balance and neurovegeta- 
tive symptoms of marked degree. Subjective vestibular disturbances 
were observed in 30 per cent of patients; of 26 subjects 22 were 
women and 4 were men. The vestibular symptoms were never so 


severe as to cause real méniériform crises. 


Vestibular symptoms occur more frequently in A and B cases. 
However with progression of the otosclerotic disease as seen in C cases 
there is an aggravation of symptoms which the author attributes to 
alterations of the circulation which affect the hydrodynamics of the 
labyrinth, or possibly stimulation of the neuroepithelium, when the 
otosclerotic lesion invades the labyrinth. Tinnitus appeared before the 


hearing loss in 80 per cent of the patients. 


In the first week after fenestration there was a symptomatology 
of the third degree in 69 per cent of the patients; in 22 per cent there 
was a symptomatology of the first and second degrees; 9 per cent 
had no symptoms. The author believes that within the first 30 days 
complete labyrinthine balance is seldom obtained. After three months 
there were no patients with severe vestibular disturbances and only 
in §§ per cent were there symptoms of the first and second degree. 
After one year only 15 per cent had a symptomatology of the second 
degree and 23 per cent a symptomatology of the first degree. After 
four years 28 per cent had symptoms of the first degree. Women were 
more commonly affected than men. Patients operated upon by the 
Wullstein technique were less disturbed than those operated upon by 
the Lempert technique. The author believes there are two reasons 
for this: first, in the Wullstein technique the fenestra is opened in 
the canal instead of near the ampulla as in the Lempert technique; 
second, a different kind of flap is used to cover the window. The 
author stresses the fact that the best results usually occur among the 
patients who develop the least signs of postoperative labyrinthitis. 


Dr GAsParRI 
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Meniere's Syndrome 
Nakamura, §S., et al: Otolaryngology (Tokyo) 31:1-9 (Jan.) 1959 


Audiologic investigation of forty cases in which the clinical syn- 


drome was suggestiy e of Méniére’s disease is recorded. 


The authors divided the cases into five groups: 
a. Tinnitus with impaired hearing without dizziness j 
b. Tinnitus and impairment of hearing preceding dizziness 4 
c. Hearing impairment and dizz‘ness with simultaneous onset 
d. Dizziness preceding tinnitus and hearing loss 12 


e. Dizziness without hearing loss and tinnitus 12 


The authors investigated their cases on the basis of pathological 
changes due to 1) labyrinthine hydrops, 2) labyrinthine ischemia, and 
3) labyrinthine apoplexy. In only one instance was an allergic history 


obtained. 


They believe from their study that loss of low tones appeared in 
the initial stage of the disease, and that it was reversible. But when 
the condition lasted several weeks and months the impairment of 
hearing progressively involved the higher tones and was irreversible. 
Tinnitus in the earlier stage of the disease was usually low tone and as 
this symptom persisted the higher range became involved. There were 
11 patients with caloric reactions below normal and 21 were thought 
to be within normal limits. There were no cases in which the caloric 
reaction was exaggerated. 


To differentiate the labyrinthine changes, the importance of the 
role of recruitment and auditory threshold fatigue tests were pre- 
sented. The authors believe, in the light of their study, the term 
Méniére’s disease should be replaced by the more descriptive name of 
labyrinthine hydrops. 

Hara 


Medical Treatment of Meéniere’s Disease 


Yamasaki, Y.: Otolaryngology, Tokyo, 31:10-12 (Jan.) 1959 


Since Méniére’s publication on the disease bearing his name in 


1861, numerous workers in this field have attempted to clarify the 
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basic cause of its etiology. No definite theory has been universally 
accepted. Thus the therapy has been aimed at correction of, among 
other things, water metabolism, allergic factor, nutritional imbalance, 
disturbance of the autonomic nervous system, vascular and hormone 


deficiencies. 


During the past five years, 48 patients with Méniére’s syndrome 
were treated in the ear, nose and throat department of Niigata Uni- 
versity. Drugs were selected 1) to influence the autonomic nervous 
system, 2) the vascular supplies, and 3) for control of histamine. 
Dizziness was relieved in 61 per cent of the cases, tinnitus in 41 per 
cent, and impairment of hearing in 25 per cent. The author feels 
that the best drugs were those which act on the blood vessels through 
the autonomic nervous system. Among these are | per cent procaine 
hydrochloride, priscoline hydrochloride and chlorpromazine. To 
stimulate vascular dilatation nicotinic acid, hypertonic sodium bicar- 
bonate were tried but the results were indifferent. To control hista- 
mine, dramamine, travelmine, and histamine I.V. were tried. Chances 
of cure appear to be greatest when treatment is instituted early in 
the disease and well nigh hopeless when the condition reaches the 


chronic stage. 


HARA 


Results of Tympanoplasty in Various Age Groups 
y ) & i 


Bocca, E.: Archivio Ital. Otologia Rinologia e Laringologia 69:1-7 (Feb.) 1958. 
The author reports the results of 212 tympanoplasties which 
were controlled postoperatively for at least three months. The pa- 
tients are divided into four age groups: group I, patients 15 or 
younger; group II, from 15 to 25; group III, from 25 to 50; group 
IV, over 50 years of age. The author’s study indicates that the over- 
all results of all types of tympanoplasty are better in patients of the 
first two groups (age 25 or younger) than in groups III or IV (over 
the age of 25). An analysis of results of the various types of tym- 
panoplasty reveals that in the group of patients which had type | 
tympanoplasty (ossicular chain intact), the hearing improvement is 
more uniform than in the other two types of operations. (Type II: 
the stapes is present, type III: stapes missing). Much better results 
are obtained in type I and II tympanoplasty in patients below the age 
of 15. 


DEGASPARI 
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Observations on the Sense of Hearing in the Blind 


Niccoli Vallesi, R., and Salis, B.: Bolletino Delle Malattie Dell’Orechio, Della Gola, 
Del Naso, Vol. 76 (July-Aug.) 1958. 


The authors point out that it has been established that in the 
blind there is no evidence of any sharpening of the other senses, such 
as hearing. Their study is an analysis of the acuity of hearing in 140 
blind persons between the ages of 15 and 45. Three audiometric tests 
were performed in each case: pure tone, speech reception, and discrim- 


ination. 


A psychometric evaluation was also done in order to determine 
each person’s sense of orientation, rapidity of intuition, and reaction 
time. One hundred controls were tested in like manner. Many cases 
of deafness were found among the blind. The most common type 
was a mixed deafness. An interesting finding was that among 20 of 
the blind who had nerve deafness, seven also had retinitis pigmentosa. 
The authors conclude that contrary to former beliefs there is impair- 
ment of hearing in many blind persons. They do not exclude the 
possibility that in some of them perceptive acuity above normal can 
be found. 


DEGASPARI 


Prediction of Ossicular Pathology in Chronic Suppurative Otitis Media 


Rebagliatti, Hector: Anales de Oto-rino-laringologia del Uruguay 28:Part I1:83, 
1958. 


The author stresses the need for conservatism in temporal bone 
surgery. In addition to the findings in otoscopy and by means of 
x-rays, the surgeon should attempt to diagnose with a high degree 
of accuracy the status of the ossicular chain; in this way he can plan 
his surgical attack and tailor his technique more accurately to each 
individual case. Two tests are employed for this phase of the exam- 
ination: 1) the acoustic probe and 2) the cotton prosthesis. This 
study is limited to the author’s experience with the cotton prosthesis 
as a diagnostic tool. When the closure of a perforation or the block- 
age of either the oval or round window (with the cotton prosthesis) 
results in improved hearing, it must be assumed that the ossicular 
chain is functioning normally. If no improvement in threshold can 
be obtained, interruption of the chain must be suspected. The author 
quotes Zanotti who reported 150 cases in which cotton prosthesis was 
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used to predict the pathology of the ossicles and later compared these 
findings with those at the time of the operation. The cases were 


divided into three groups. 


Group I. Pure tone loss of 30 db or less. Most of these had 
4a positive cotton prosthesis test and the only lesions found at time 
of surgery was the perforation of the tympanic membrane. _ In the 
few cases which had a negative response in the cotton prosthesis test 
surgery revealed various lesions of the ossicular chain but intact ova! 


and round windows. 


Group II. Cases with a threshold for pure tones of 35 to 50 db. 
Although two-thirds of the cases in this group had positive prosthesis 
tests it was found at the time of surgery that all of them had some 
abnormality of the ossicles. Both windows were normal. Zanotti 
attributes the improved hearing with the cotton prosthesis to granula- 
tion tissue and small adhesions which bridge over the interrupted 


ossicular chain. 


Group III. The cases in this group had a hearing loss of 50 db 
or more. In most of these cases the ossicles were partially or totally 
destroyed and the cotton prosthesis failed to improve hearing. How- 
ever, in a few in which the test was positive it was noted that the 
oval and round windows were healthy. 


The author agrees with Zanotti’s conclusion that the preoperative 
findings with cotton prosthesis are a valuable diagnostic tool in deter 
mining the integrity of the ossicular chain and windows. He then 
describes the surgical technique (of Wullstein) which he employs fo 
the various types of lesions, from myringoplasty in the group I cases 
to tympanoplasty and fenestration when there is suppuration and 


fixation of the footplate of the stapes. 


ALFARO 


Repair of Tympanic Perforations 
Mitchell, J]. F. O.: Jour. of Laryngol. and Otol. 72:9:720-29, 1958 


The author describes a modification of the cautery technique 


for closure of perforations. The margin of the perforation is care- 
fully touched with a tightly wound applicator dipped in 50% tri- 
chloracetic acid taking care to avoid touching the median wall of the 
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middle ear. In most cases no topical anesthesia was used. With 
full aseptic technique a small square of gelatin sponge is soaked in 
the patient’s own blood (1 cc obtained by venipuncture). The 
gelatin is placed over the perforation under direct vision, pressing it 
down firmly over the whitened edges. A small wool plug is inserted 
in the meatus and the patient instructed not to blow his nose for 48 
hours. The patch clots adherent to the margins of the perforation 
and remains there until the defect heals after which the patch grad- 
ually migrates to the posterior wall. If the first attempt does not 
succeed, yet the perforation and middle ear remain clean and dry, the 
margin should be cauterized again on two or three occasions and then 
the patch procedure repeated. Of 50 perforations treated with this 
technique, 36 healed well; 8 persisted requiring further treatment, and 
6 patients failed to report after the first treatment. Of the 36 success 
ful cases, 14 healed after one treatment, 6 after two treatments and 
16 after repeated treatments (average, 4.25 times). 


ALFARO 


The Exhaustion of Phono-receptors Following Exposure to Sound 
Vosteen, K. H.: Arch. Ohren- usw Heilk. 172:489-512, 1958 


In the previous papers, the author had reported on enzyme studies 
in the cochlea. He had given evidence to the presence within the 
cochlear duct of ““Atmungs Fermente” (in the sense of O. Warburg) 
at the cytological level: 1) Succinodehydrase; 2) Cytochromoxydase; 
3) DPN-Diaphorase and TPN-Diaphorase. The present study is con- 
cerned with the investigation of the activity of such enzymes follow- 
ing sound exposure. Guinea pigs were exposed to sound pressures of 
70 to 85 db at 2000 cps of various duration: brief tone ‘pips’ were 
employed as well as prolonged exposures, ranging from as brief as two 


hours to as long as five days. 


The author was able to demonstrate a decrease of enzyme activ- 
ity (succinodehydrase, which is normally concentrated at the base 
of each individual haircell) following prolonged exposure of several 
days. The cytochemical changes were apparent well before any 
signs of damage to the haircells could be demonstrated histologically. 
To be sure, signs of cellular damage were always found associated 
with cytochemical changes in the same specimen. The latter was 
predominant in the regions marginal to the center of the section of 
the organ of Corti receiving maximal stimulation. At the center 


of this area, structural damage was more pronounced, the transition 
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between both phenomena being a gradual one. The changes were 
confined to the outer haircells. After recovery periods of several 
weeks, neither resumption of normal enzyme activity had occurred 
nor has autolysis taken place of histologically undamaged cells which 
had previously shown decreased enzyme activity. The latter conclu- 
sion of course is based upon comparison of two different series of 
animals. Only when brief tone ‘pips’ interrupted by long silent 
intervals had been employed, was the magnitude of the cyto-chemical 
change reduced. 


The author comes to the conclusion that the precipitate of an 
“acoustic trauma” is less a true mechanical-structural damage of the 
organ of Corti, but rather the end product of a complete exhaustion 
of the cellular metabolism of the “phono-receptors,” i.e., of the hair- 
cells. (Perhaps this is a function of the magnitude of exposure: high- 
level exposure may result predominantly in structural damage whereas 
in lower-level exposure the cytochemical changes may dominate.— 
Reviewer.) The author concludes his report by discussing his find- 
ings in view of the presently accepted concepts of general neurophysi- 
ological metabolism. 


TONNDORF 


Modification of Cochlear Potentials Produced by Streptomycin Poisoning and 
by Extensive Venous Obstruction 


Davis, H., Deatherage, B. H., Rosenblut, B., Fernandez, C., Kimura, R., and 
Smith, C. A.: Laryngoscope 68:596-627 (Mar.) 1958. 


This study is a most important advance in the understanding of 
the biophysics of hearing. 


Four electrical phenomena, the DC endocochlear potential, coch- 
lear microphonic, summating potential and action potential are con- 
sidered indices of the functional state of the cochlea. The exact sites 
of generation of these potentials had not previously been established. 
The present experiments were planned in the hope of obtaining defini- 
tive information as to the contribution made by the hair cells and 
the stria vascularis to thes: electrical responses. 


It is known that streptomycin will injure the hair cells of the 
organ of Corti and it was recently demonstrated that obstruction 
of the cochlear vein will selectively cause degeneration of the stria 
vascularis. Therefore, streptomycin was injected into the bullae of 
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26 guinea pigs producing degeneration first of the external and then 
internal hair cells. The stria vascularis showed little change. The 
cochlear vein and its collaterals were obstructed in ten guinea pigs 
and degenerative changes were produced in the stria vascularis. 


After planned time intervals to allow for some degeneration, the 
electrical responses were measured, the animals were sacrified and the 
histopathological changes in the inner ear were correlated with the 


electrical measurements. 


The site of generation of the DC endocochlear potential had been 
tentatively located both in the hair cells and in the stria vascularis. 
These experiments offer conclusive evidence that these potentials are 
generated by the stria vascularis and not by the hair cells. 


The cochlear microphonic was said to depend upon the hair cells. 
The evidence obtained strongly supports the hypothesis that the ex 
ternal hair cells are the site of generation of the cochlear microphonic 
and that the internal hair cells contribute very little. 


The negative summating potential was thought to originate in 
the external and internal hair cells but the evidence points to the 
internal hair cells as the source of this potential. A small amount 
may come from the external hair cells. The source and significance 
of the positive summating potential was not established. 


Action potential is generated by the nerve fibers in the modiolus 
and is believed to reflect the integrity of the over-all mechanical and 
neural systems including tectorial membrane, hair cells, nerve endings 
and nerve fibers. 


SENTURIA 


Vestibular Syndrome Followed by Epidemic Parotitis 


Rinaldi, L.: Bolletino Delle Malattie Dell’Orechio, Della Gola, Del Naso 76:388 
396 (July-Aug.) 1958. 


The author reports the case of a 42 year old woman who suffered 
a vestibular crisis on the right side, and 20 days later developed 
mumps. The cochlear function was not affected and there were no 
signs of involvement of the vestibular nuclei or of the intracranea! 
portion of the vestibular nerve (presence of a positional nystagmus). 
Although he was at first inclined to doubt the relation of the vestib- 
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ular syndrome to the epidemic parotitis, the author concluded that 
the viral infection was in fact the cause of it. He points to the pro- 
longed period of incubation which according to some authors may 
be anywhere from 20 to 32 or even 42 days. The author found only 
one case previously reported in the literature of a cochleovestibular 
syndrome followed by parotitis. In most cases the damage was limited 
to the cochlear nerve. In cases where there were vestibular symptoms 
the lesion was in the vestibular nuclei. Many theories attempt to 
explain the pathogenesis; damage to the VIII nerve is the most preva- 
lent opinion. Some authors believe that there are chemicophysica! 
changes in the endolymph of the cochlear and vestibular apparatus. 
The author believes that in his case the absence of bulbar or encephalic 
symptoms and the isolated vestibular lesion with positional nystagmus 
argue in favor of a peripheral vestibular pathology in cochleovestib- 
ular complications of parotitis. 


DEGASPARI 


A Test of Binaural Fusion in Central Hearing Impairment 


Matzker, ].: Zwanglose Abhandlungen aus dem Gebiet der Hals-Nasen-Ohren 
Heilkunde, Thieme, Stuttgart, Nr. 1; pp. 117, 46 fig., 1958. 


The German Z. Laryng. has recently issued Nr 1 of a series of 
“zwanglose Abhandlungen,” i.e., articles which for reason of their 
length cannot be published in regular issues of the journal. With 
this step the Z. Laryng. has followed the example of the Acta Oto- 
laryng .(Stockh.) which has published its supplements since 1920. 
(The same as the Beihefte of older German journals) 


The first issue now on hand is devoted to a new clinical hearing 
test which is designed to evaluate central auditory impairments. The 
test is based on a binaural fusion technique. The book is divided into 
three sections: the first consists of an anatomical and physiological 
introduction, and a review of current audiometric testing techniques, 
including such methods for assessment of central impairment as those 
by Bocca, Schubert, a.o. The second portion gives a description of 
the author’s own testing technique and discusses test results in normal 
hearing subjects. The third section is devoted to test results obtained 


in patients with various intracranial lesions. 


The test method is based upon the well known phenomenon first 
described by H. Fletcher that normal intelligibility of speech signals 
can be maintained when one-half of the audible spectrum is presented 
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to one ear and the other half to the second one. In this case complete 
auditory fusion must be assumed to occur. In order to render the test 
more sensitive the author limited the two frequency bands drastically: 
500 cps to 800 cps for one ear and 1500 cps to 2400 cps for the other 
one. Test words were selected in such a way that the distribution 
of formants was as evenly as possible in both frequency bands, diph- 
thongs being found most suitable. (“he | phonetic] 00 and e, for in- 
stance, were found unsuitable because their formants are exclusively 
in the low-frequency or high-frequency bands respectively.) There- 
fore the test words finally chosen are unintelligible for monaural pre- 
sentation of one band only. However, on binaural presentation of 
both bands near perfect intelligibility is achieved indicating central 
auditory fusion. By limiting the intensity of presentation care is 
taken to avoid peripheral crosshearing. In case of binaural differences 
of the auditory threshold adjustments are made. This section is con- 
cluded by a critical evaluation of test interpretations: borderline cases, 


false positives, etc. 


At the time of writing 750 persons had been tested and the results 
evaluated, including both normal subjects and patients with intra- 
cranial lesions. (Mentioned in the preface is a new total in excess of 
1000 cases, probably representing a later date.) In 379 normal-hear- 
ing subjects classed in various age groups it was found that the ability 
of binaural fusion deteriorates in persons over 60 years old. That was 
to be expected. Somewhat surprising, however, was the finding of a 
subnormal ability for binaural fusion in a sizable percentage of chil- 


dren under 14 years of age. 


So far 162 patients with various intracranial lesions have been 
evaluated: brain tumors, abscesses, and atrophies; chronic hyperten- 
sion; multiple sclerosis; skull traumata; and epilepsy. In a high 
percentage of these cases (not necessarily uniform for the various 
diseases listed) the binaural fusion test was positive (i.e., number of 
mistakes larger than normal). This was so in spite of the fact that 
threshold audiograms frequently failed to reveal a significant loss. 
Speech audiometry cannot be compared properly since apparently 
only spoken and whispered voice tests were administered. Important 
although numerically small are the autopsy reports of two patients 
with positive tests obtained during their lives: in the areas of auditory 
central pathways indications of lesions were found only in the mid- 
brain region. Incidentally, no positive test results were obtained in 
all cases of schizophrenia tested, although they were but few in num- 
ber. These patients had no difficulty in performing the test. After 
reading Dr. Matzker’s study, one has the distinct impression of an 
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original concept which in its first clinical applications has shown very 


promising results. 


However, the reviewer may be permitted to voice some criticism 
which he hopes is constructive. The presentation could have been 
improved for the benefit of the critical reader by providing statistical 
data instead of giving relatively meaningless percentages. The author 
could have strengthened his case in many aspects. It is to be regretted 
that Dr. Matzker was apparently unable to enlist the collaboration 
of a competent Neuro-physiologist. (He has done obviously well in 
this respect with regard to his Pathologist.) The physiological intro- 
duction has obviously been made up “after the fact” and, frankly 
speaking, is in some aspects rather naive. The author is well advised 
to look into such matters as Auto-correlations (Colin Cherry, a.o.), 
Neural Auditory Inhibitions (R. Galambos) , and Lateralization prob- 
lems (L. Jeffress et al, E. FE. David, et al, a.o.), to mention only a few 
examples. The assertion that presbycusis is an exclusive central audi- 
tory phenomenon could have been made only in complete unaware- 
ness of Stacy Guild’s extensive histopathological studies which were 


correlated with audiometric findings. 


However, these remarks should not detract from the potential 
value of the binaural fusion test as a clinical tool. It is definitely a 
matter which should be investigated by other audiologists. For the 
sake of the record, the fact must be mentioned that Dr. Matzker 
received the J. Zange Award from the German Otolaryng. Soc. 
(1958) in recognition of the contribution made by the present study. 


TONNDORI 


The Treatment of Meéniere’s Disease with Ultrasonic Sound 
Altmann, Franz, and Waltner, Jules G.: Arch. Otolaryng. 69:7-12 (Jan.) 1959 


The authors review the work of Arslan in the selective destruc- 
tion of the labyrinth, in cases of intractable Méniére’s disease, with 
preservation of cochlear function. They have tried the method on six 
of their own patients, in four of whom the attacks of vertigo were 
eliminated. They thought that the failure in two cases was due to an 


insufhcient amount of ultra-sound applied. 


In this technique, the antrum is opened and the horizontal and 


vertical semicircular canals exposed and skeletonized. The ultra- 
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sound applicator was applied directly to the bony walls of the laby- 
rinth. The authors feel that the treatment has sufhcient merit to 
warrant further attempts at such therapy. 


HILDING 


Chelation of the Stapes Footplate 
Sataloff, Joseph: Arch. of Otolaryngol. 69:1-6 (Jan.) 1959 


The author describes the effect of decalcifying the stapes by 
means of a chelating agent; edathamil disodium was used. All the 
bones treated by this agent became softened. The author states that 
he has used this process clinically for two years but does not give 


any details as to his results or how he applies it. 


HILDING 


Stapes Mobilization: Analysis of Results in 250 Operations 
Campbell, Edward H.: Arch. Otolaryng. 68:663-672 (Dec.) 1958 


The author points out that in the past four years the advances in 
the technique of this operation have been rapid and of great impor 
tance and, with this advance, a steadily increasing percentage of good 
hearing results, from 30 to 40% in 1953 up to 70 to 80% in reports 


published in 1957 and 1958, has been obtained. 


The original method of Rosen attempted mobilization of the 
stapes footplate by means of pressure on the incus, various maneuvers 
at the stapes head and manipulations of various kinds to the stapes 
footplate. In the evolution of the technique, it was found by many 
that more successful mobilization could be accomplished by manipula- 
tions of the footplate, with avoidance of crural fractures and disloca- 


tions of the incudostapedial joint. 


In describing his technique, Campbell secures exposure of the 
incus and stapes in the usual manner. Palpation with the sharp curved 
pick or the blunt-ended mobilizer of Derlacki on the incus immedi- 
ately overlying the stapes head is then made to determine three points: 
a) the degree of fixation of the stapes footplate, b) the looseness o1 


rigidity of the incudostapedial joint, and c) the fragility or firmness 
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of the crura. With the blunt-ended mobilizer, pulsating pressure is 
then applied at the anterior end of the stapes footplate. If there is any 
suggestion of movement, pressure is then made on the incus. By a 
series of pressure applications, alternating between various parts of 
the footplate and the incus or stapes head, free movement of the foot- 
plate is eventually obtained in the majority of instances. The com- 
pleteness of mobilization is determined by: free mobility of the 
footplate, both at the anterior and posterior ends; the detection of 
nystagmus occurring on light pressure on the incus; the patient’s 
experiencing a rotatory or up-and-down movement; the characteristic 
feel of a mobilized footplate with easy movement inward and the 
quick rebound of a loosened footplate that still retains an intact 
annular ligament; testing of hearing, both with the middle ear open 
and after the drum and skin of the canal have been replaced. 


A detailed audiogram is taken on the first or second postoperative 
day and the second test usually on the seventh to tenth postoperative 


day. 


In analyzing the results in 250 mobilization cases, the author 
found that 11 or 4.4% reached to practically the normal line; 128 or 
48% reached a level of 30 db or better. These two groups represented 
§2.4% of the cases and these individuals all had attained a practical 
hearing level. Fifteen patients or 6 per cent received an improvement 
of 15 db or more; 8.4% of the cases had hearing made worse by the 


operation. 


A second attempt at mobilization on the same ear was made on 
12 patients. In these cases it seemed that there was incomplete mobil- 
ization of the footplate and revision was aimed at more complete 
loosening of the footplate. Four revisions were very successful (+3 
result), 3 additional had a +2 result. Three of the four revision fail- 
ures later had fenestration operations and obtained excellent results. 
Fenestration was performed on 43 of the 112 mobilization failures; 
79% of these were entirely successful and an additional 12% par- 
tially successful. 


Complications encountered in this series were few and chiefly 
minor. The chief one was postoperative dizziness or sense of unbal- 


ance, occasionally more severe than that seen after a fenestration. A 
rather common complication was perforation of the tympanic mem- 
brane, but this usually healed spontaneously. One instance of appar- 
ent damage to the inner ear mechanism occurred and no adequate 
explanation was apparent because mobilization was not accomplished. 
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No instances of facial paralysis or primary infections of ear canal or 


middle ear occurred in this series. 


The author summarized the reasons for unsuccessful mobiliza- 
tion: incomplete or partial loosening of the footplate; fractures of 
one or both crura; dislocation of the incustapedial joint; advanced 
diffuse otosclerotic stapes fixation; anomalies of conduction mechan- 


ism; adhesive formations in the middle ear. 


HILDING 


Idiopathic Haemotympanum 
Birrell, J. F.: J. Laryng. and Otol. 72:769-784 (Oct.) 1958. 


The author adds eight cases to the 20 he has found in the litera- 
ture, six of which were seen in one year. He feels this is a clinical 
entity with similar history, physical, radiologic, operative and patho- 
logical findings. It must be distinguished from known causes of 
hemotympanum as angioma, fractured skull, abnormal jugular bulb, 
and blood dyskrasia. 


All gave a history of persistent discomfort in the affected ear 
and loss of hearing. There was rarely a transient bloody discharge. 
Any relief from antibiotics, adenotonsillectomy, myringotomy, or 
tubal inflation was usually temporary. The characteristic blue 
drum, darkest in the pars tensa, was retracted, normal or bulging. 
The eustachian tubes were usually patent. Blood studies were non- 
contributory. Mastoid x-rays invariably showed clouding on the 


affected side. 


Despite isolated cures following adenotonsillectomy, inflation, 
myringotomy and aspiration, the author joins other writers since 
1949 in advocating a mastoidectomy (Schwartze) for permanent 
relief of all symptoms. At operation, mastoid cell destruction with a 
sterile black cellular content is found. Histological studies show 
giant cells and cholesterol spaces, and occasionally hemosiderin, a 


ec ° ” 
cholesterin granuloma. 


The author discusses other etiological theories, but expresses the 
opinion that the blue color is altered blood arising in the mastoid 
process, and perhaps too viscous to flow out a patent eustachian tube. 
Comparison with secretory catarrhal otomastoiditis is made. The 
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possibility of a virus causing a hemorrhagic response is suggested from 
the sterile cultures, the apparently increasing incidence, and_ the 
analogous hemorrhagic bullae, epistaxis and septal hematoma seen 
occasionally in influenza. Failure to treat the condition surgically, he 
feels, may lead to attic granulation tissue, perforation, migration of 
squamous epithelium, and cholesteatosis. There are 18 references. 


TRIBLI 


Surgery of Deafness Caused by Adhesive Otitis Media (La chirurgie des sur- 
dités par otites adhesives) 


Maspétiol, Roger: Les annales d’oto-laryngologie 75:4-5:213, 1958. 

Many cases of deafness due to adhesive otitis media may be 
helped by surgery. The principles of stapes mobilization or tympano- 
plasty may be used according to the type of case. The choice of 
surgery is dependent upon two factors: first, the etiological factor is 
considered and secondly, the type of lesion to be dealt with. 


The author does not use the transtympanic approach as de- 
scribed by Rosen but uses the classical postauricular route. 


In about one-third of the cases, fixation of the stapes is the only 
lesion; in the majority of cases, however, multiple lesions of the 
middle ear are found. These may consist of fibrous bands between 
the ossicles themselves or bands uniting the ossicles to the promontory 
or fibrous bands obstructing the round window. 


A rigid sclerotic or even ossified stapedius tendon may be found. 
In many cases the attic should be explored and adhesions found link- 
ing the ossicles to the roof are removed. 

The author fails to give the results obtained by his method. 


MoNTREUIL 


Considerations on Cerebral and Cerebellar Abscesses of Otitic Origin (Consid- 
érations sur les abces cerebro-cerebelleux otogenes) 


Tzetzu, 1., Ciobany, M., Dimitrin, A. V., and Miclesco, S.: Revue de laryngologie, 
otologie, rhinologie 79:7-8-449, 1958. 


The authors review a series of 2,537 cases of mastoiditis at the 
Oto-Laryngological Clinic in Bucharest between the years 1952-1956. 
In this series of cases, there were 13 abscesses of either the cerebellum 
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or the cerebrum which represents a percentage of about 0.50. Seven 
of these were localized in the temporosphenoidal region while six were 
cerebellar. These cases represented complications arising from acute 
exacerbation of a chronic otitic infection. In most of these there 
was cholesteatoma or polypoid degeneration of the middle ear or 
osteitis. The most frequent routes of infection are through the teg- 
men, the labyrinth and the lateral sigmoid sinus. Emphasis is made 
on the importance of immediate surgical treatment wherever laby- 
rinthine symptoms arise in a chronic otitis media. The authors state 
that the diagnosis of a cerebral abscess is most difficult to make and 
requires the very close collaboration of the neurologist, the ophthal- 
mologist, the internist and the neurosurgeon. The onset of the infec- 
tion is usually very insidious. The authors say that headache is prob- 
ably one of the most constant symptoms, but is very indefinite in 
character. Vomiting exists only when intracranial hypertension oc- 
curs. In_all cases, the general condition of the patient is deeply 
affected. The authors believe that periods of bradycardia followed 
by normal cardiac rhythm and rate is an important sign in making an 
early diagnosis of the abscess. Of the 13 cases, six died giving a per 
centage of 46. Early surgical drainage, combined with antibiotic 
and supportive therapy is most important. 


MONTREUII 


Head Injury and Impairment of Hearing 
I'sucéki, T.: Oto-RKhino-Laryngologic Clinic, Kyoto, 51:1-6 (Sept.) 1958 


Seventy-six cases of head injuries and their relation to impairment 
of hearing are reported. 


There was no characteristic change in hearing acuity. However, 
when roentgenographic evidence of fracture of the temporal bone 
was seen, there appeared to be impairment of hearing of varying de- 
grees depending upon whether the fracture was on a horizontal or 
transverse axis of the temporal bone, or a labyrinthine concussion. 
In 20 patients there was a sudden dip in speech perception. Twenty 
Six patients were seen 2 to 3 months after the accidents. Forty-four 
patients recognized hearing impairment within 10 days of their acci- 
dent. The most severe impairment was observed when the head was 
struck in the back portion. 


HARA 
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Electronystagmography 


Koike, Y., et al.: Oto-Rhino and Laryngological Clinic, Kyoto, 51:655-663 
(Aug.) 1958. 


The authors present their observations on the technical manipula- 
tion of E.N.G. and the artifacts associated with the polarization of 
electrode, voluntary and involuntary eye movement, E.M.G. of the 
ocular muscles or E.E.G. which frequently interfere with the exact 
analysis of the recorded nerves. 


They discuss the method of direct registration of eye-speed in 
nystagmus. They calculated the eye-speed in the slow and the quick 
phase under various experimental studies. They believe that the 
eye-speed in the quick phase is not constant but variable. The quick 
and slow components are independent of each other, but intimately 
correlated. Thus the increase of eye-speed in the slow phase leads 
to the increase of eye-speed in the quick phase of nystagmus. The 
thory advanced by Dohlman and others that the quick phase is not 
related to the vestibular stimuli is doubtful according to this study. 


HARA 


NOSE 


About Variations of Sulfocyanic Radical in Nasal Mucus Following Hema- 
togenous Olfaction 


Bartalena, G., and Vagliani, F.: Bollettino malattie orecchio naso gola 75:577-609 
(Nov.-Dec.) 1957. 


The authors briefly review three theories of hematogenous olfac- 
tion: 1) central stimulation; 2) peripheral stimulation by means of 
odorous particles which act on the olfactory nerve endings after 
having been eliminated by the lungs; 3) peripheral stimulation by 
elimination of the particles through the nasal mucous membrane and 
subsequent reabsorption through the olfactory region. 


Previous experiments had shown the necessity for the existence 
of a specific biochemical reaction within the nasal mucosa in order for 
hematogenous olfaction to occur. Knowing the oxidation-reduction 
and catalytic functions associated with variations in the concentra- 
tions of the sulfocyanic radical (-SCN), the author performed 100 
experiments on 60 persons to evaluate the variations of the sulfocyanic 
radical before and after hematogenous introduction of the pure- 
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olfactive substances (rose-hydrolate and mint-hydrolate). On the 
basis of the experimental results, it was shown that hematogenous 
olfaction does not occur within the central nervous system. It was 
concluded that these phenomena are carried out completely at a 
peripheral level. The authors believe that odors come to the olfactory 
region after having been eliminated by the nasal mucosa and by the 
rhinopharyngeal mucosa. 


DEGASPARI 


Malignant Granulomas of the Nose and Paranasal Sinuses 
Mills, C. Peter: J. Laryng. and Otol. 72:849-887 (Nov.) 1958 


The author has reviewed 86 cases recorded in the literature and 
presented three more with extensive work-up. Of the 86, 60 are 
dead, 10 alive with disease, one lost to follow-up, one 8-year cure, 
and 14 apparently free of disease but for less than five years. The 
disease started in the nose in 67, and in the sinuses in 19. Fifty-five 
patients were males, and in both sexes most cases were between 25 
and 55 years of age with the peak age in the late thirties. This pat- 
tern parallels periarteritis nodosa, but is younger than the age pattern 
for nasal and sinus neoplasms. Preceding paranasal sinus infection 
was reported in most of these patients, frequently with surgical at- 
tempts at relief. The staphylococcus was most commonly cultured; 
the streptococcus next. The early symptoms of nasal blockage and 
serosanguinous discharge, were followed by the destructive ulceration 
of the nose, sinus, palate, cheeks, and orbit. Late symptoms depended 
on the exact site and amount of destruction and superinfection. Of 
the 60 deaths, 29 were from cachexia, 9 pneumonia, 8 uremia, 4 septi- 
cemia, 3 hemorrhage, 2 cardiac failure, and the remainder from 
miscellaneous single causes. Almost all apparently successful cases 
were irradiated in doses ranging from 1500 roentgens on up. 


The author’s three cases were thoroughly studied. Multiple biop- 
sies and sections of operative specimens were made, always showing 
chronic inflammatory cells, fibrosis, and collagen. Cultures in all 
three showed antibiotic sensitive strains of staphylococcus aureus. 
The sedimentation rates were persistently over 50 mm in the first hour 
in active phases of the disease. The author feels the high elevation 
of sedimentation rate helps distinguish this disease from a neoplasm, 
and may be used prognostically, as in one patient it rose sharply prior 


to appearance of a recurrence, and fell slowly under effective therapy. 
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At the height of the disease a reversal of A/G ratio occurred with 
a normal serum fibrinogen level. Electrophoretic studies showed the 
change to be a high gamma globulin, a change characteristic of the 
collagen diseases. Attempts at virus isolation by injection of bacterial 
free filtrates of the granuloma intramuscularly, intraperitoneally, and 
intracerebrally, into mice, rats, rabbits, hamsters, and ferrets, were 
unsuccessful. His first patient died following a severe epistaxis, the 


other two were apparently free of recurrence. 


The author does not feel the disease is neoplastic, nor primarily 
inflammatory, but a hypersensitivity properly grouped with the 
collagen diseases, and frequently associated with periarteritis nodosa. 
He suggests the destructive granulations may represent waves of 
hypersensitivity in an antrum sensitized to staphylococcus, strepto- 


coccus, or some unidentified antigen. 


The suggested treatment is adequate drainage at the time of bi- 
opsy followed by a prolonged course of the proper antibiotic, and 
about 2000 r irradiation. The clinical course can be followed with 
periodic sedimentation rates and blood protein examinations; urinaly- 
sis, blood urea nitrogen determinations, and chest x-rays should also 


be followed for early evidence of systemic periarteritis nodosa. 


There are 61 references to the literature and 6 personal communi- 
cations. The latter are follow-up’s on patients reported well by others 
in earlier papers. There is a wealth of investigational data in this 


comprehensi ve art icle. 


TRIBLI 


LARYNX 


Surgery After Radiation Therapy in Malignancies of the Larynx and Laryngo- 
pharynx 


Oreggia, Juan Carlos: Anales de Oto-rino-laringologia del Uruguay, Vol. 28 (Part 
IT), 1958. 


The primary treatment in cancer of the larynx may be either 
surgery or radiation. When the chosen method of treatment fails 
the surgeon may resort to the other. In no case should surgery or 
radiation be incomplete. Both should be complete or radical to begin 
with. This paper is concerned with the surgical management of 


those cancers which were in every way given what is considered 
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“adequate radiation” in terms of time, field, voltage, filters, etc. The 
surgical indications arise from either obvious or suspected signs of 
malignancy. In the latter cases, biopsy is indicated. In the obvious 
cases it is best to plan the definitive surgical procedure and confirm 
the type of tumor with frozen sections. Narrow or wide field laryn- 
gectomy, with unilateral neck dissection when necessary is carried out. 
The author counsels against bilateral neck dissections because of the 
grave complications due to lymphatic stasis. Partial laryngectomies 
are contraindicated in patients previously irradiated. Surgery may 
have to be done in more than one stage, preferably under general 


anesthesia. Electrosurgery is also contraindicated. 


There are four criteria for suitability to surgery in previously 


irradiated patients: 


1. The length of time since the end of radiation therapy. As a 
general rule surgery performed after one or two years is disastrous. 
The optimum time is two to four months; in these cases healing has 

f § 


proceeded in practically normal fashion. 


2. Condition of the skin and soft tissues of the neck. The reac- 
tion due to radiation is usually terminated in approximately 40 days. 
Observation of this reaction is helpful in determining suitability for 


surgery when failure of the radiation has been determined. 


3. General health of the patient. This is of paramount impor- 
tance. No surgery should be contemplated when there is any serious 
impairment, except for the obvious changes which are due to the 


lesion or the radiation. 


4. Adequate pre-operative preparation of the patient and post- 
operative care. Attention to aseptic technique in surgery and dress- 
ings, supplemented by antibiotic protection. Particular care with 


the tracheal stoma and feeding tube is essential. 


ALFARO 


The Results of Treatment of Post-traumatic Laryngotracheal Stenosis 
Nicelli, F.: Archivio Ital. Otologia Rinologia e Laringologia 69:61:79 (Feb.) 1958 


The author enumerates the most frequent types of lesions of the 
larynx and trachea which occur following trauma to the anterior and 
lateral regions of the neck; he discusses the immediate symptomatol- 
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ogy of these lesions, and the various methods employed in the treat- 
ment of laryngotracheal stenosis. 


Dilatation through endoscopy or through the tracheal stoma is 
recommended in cases in which the scar forms a thin diaphragm; 
uncertain results are obtained in wide scar stenosis. Laryngofissure 
with insertion of a mould gives good results in some cases; but when 
the scar tissue involves the larynx and the first tracheal rings few 


good results are obtained. 


The author describes the operations advocated by Figi and 
others, in which the scar tissue is removed and the bleeding surface 
covered by skin grafts kept in place by acrylic moulds. He points 
out that the stenosis can sometimes recur so that the work of the 


surgeon is in vain. 


Four cases are presented which illustrate different surgical tech- 


niques. 


Dr GASPARI 


PHARYNX 
Abnormal Sensation in the Pharyngolaryngeal Region (Lump in the Throat) 
Nunomura, T., et al.: Clin. Otolaryngol. 51:1003-1006 (Dec.) 1958. 


This study is based on observations made on 48 patients having 
the complaint of abnormal sensation in the throat. There were 23 in 
whom no objective evidence of abnormality was revealed. However 
further systemic examination disclosed parasitic invasion of the throat 
in seven; anemia in nine; hormone deficiency in three; lues in one; 


allergy in one; and two unknown. 


In the light of this investigation the authors urge the making 
of an objective diagnosis in each one, and the institution of appropri- 
ate treatment. Since the incidence of anemia and helminthiasis was 
notably high in this series, the quantitative determination of serum 
iron and search for parasitic eggs may be considered necessary pro- 


cedures. 


HARA 





t 
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PHARYNX and LARYNX 
Histological Studies of Tonsils in Infectious Mononucleosis 
Schwarz, M.: Medizinische, Nr 45, 1803-1805, 1958. 


Vhe author removed the tonsils from eight patients with infec- 
tious mononucleosis at yarious intervals after the acute stage of the 
disease, i.e., between the sixth and twenty-first day. In two of these 
cases the tonsillectomy was unilateral and follow-up studies were 
conducted by removing the second tonsil after four to six months. 
All material was studied histologically. 


First, the normal tonsillar anatomy is briefly described with its 
capsule and trabeculae, its crypts, lined with squamous epithelium, 
and its lymphatic stroma, which contains the lymph follicles. Each 
follicle is differentiated into a “light zone” and a “dark zone,” the 
latter sitting like a cap upon the former and pointing toward the 
lumen of the crypt. Each follicle (light and dark zones) and the 
adjacent epithelium of the crypt is believed to form a functional unit. 
In previous papers, the author has used the term “histosystem” for 
these units. Two Italian authors, Fioretti and Pirro, have described 
them as “cryptolymphons” and “adenons”’ respectively. 


With respect to infectiovs mononucleosis, the author differen- 
tiates three stages on the basis of histological findings. First, (Acute) 
Stage: Exudative inflammation within the crypts penetrating into the 
lymphatic stroma and leading to epithelial necrotization and forma- 
tion of pseudo-membranes. The lymphatic stroma becomes undiffer- 
entiated (homogenization). Even the tissue of the trabeculae and 


of the capsule becomes edematous. 


Second, (Reactive) Stage: Around the ninth day, the epithelium, 
in places where it had not become necrotic, becomes hyperplastic, first 
in an irregular manner, later more regularly, that is, forming a zone 
of basal cells. At the same time the sloughing-off of the necrotic 
material is still going on. The lymphatic tissue remains undifferen- 
tiated (homogenized) and contains numerous plasma cells and lymph- 
ocytes. The capillaries increase in number. 


Third, (Regenerative) Stage: Formation of groups of large 
plasma cells. These groups take on the appearance of the “light 
zones” of normal follicles. They are surrounded by a wall of lympho- 
cytes. Active mitosis is seen. The new light zones expand toward 
the lumen of the crypts, while the lymphocytic walls regroup so as to 
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form the cap-like “dark zones.’ At the same time, the epithelium 
is completely regenerated and gradually attains its normal thickness. 
Oftentimes, the redifferentiation of the lymphatic stroma is not com- 
plete. Homogeneous lymphatic tissue persists in some areas. The 
entire process of regeneration takes from three to six months. 


TONNDORI 


A New Technique for Radiographic Visualization of the Laryngeal Ventricles 
with Lipiodol 


Galioto, G. B., Ruju, P.: Bollettino delle Malattie Dell’Orecchio, Della Gola, Del 
Naso 75:675 (Nov.-Dec.) 1957. 


The authors describe a new technique for better radiographic 
visualization of the laryngeal ventricles. 


A Magill tube is introduced into the trachea; the space between 
the tube and the tracheal wall is filled with lipiodol. After the radio- 
grams are taken the lipiodol is removed by suction through a small 
tube. 


This technique has yielded good results in the visualization of 
lesions which were poorly seen by means of endoscopy and the usual 
X-ray procedures. 


Dr GASPARI 


MISCELLANEOUS 


Submaxillary Salivary Flow: A Test of Chorda Tympani Nerve Function as an 
Aid in Diagnosis and Prognosis of Facial Nerve Paralysis 


Magielski, John E., and Blatt, Irving M.: Laryngoscope 68:1770-1789 (Oct 


1958, 


The authors describe what they consider a more accurate test of 
motor function of the chorda tympani nerve. Polyethylene catheters 
are inserted into each Wharton’s duct; the patient sucks on a slice 
of lemon for 60 seconds during which time the salivary output from 
each submaxillary gland is measured. 


Normal control subjects between the ages of 10 and 60 years 
were shown to produce approximately equal amounts of secretion. 


Four categories demonstrating malfunction of the chorda tympani 








ABSTRACTS OF CURRENT ARTICLES 259 


are presented. Data is included on the following: 1) two cases of 
chronic otitis media and mastoiditis; 2) four patients with Bell’s 
palsy; 3) three cases of facial nerve paralysis associated with skull 
fractures and 4) one case of facial nerve paralysis associated with 
central nervous system disease. 


On the basis of these observations, it is believed that this pro- 
cedure is a more accurate measure of chorda tympani function than 
tests for taste. The authors suggest that the evidence points to a 
good prognosis for spontaneous recovery of facial nerve function if 


chorda tympani function is retained or is regained early. 


SENTURIA 


Stuttering 
Otsuki, H.: Clinical Otolaryngology, Kyoto, 51:1150-1186 (Dec.) 1958. 


The study is based on 331 patients. About one-half of these 331 
were under ten years of age. The proportion of male to female is 
11:1. The majority of these find it difficult to pronounce vowels. 
Of these 331, 41.7 per cent showed a hereditary influence. The 
stuttering is classified as 1) repetition, 2) prolongation, and 3) block- 
ing. Most of the stutterers tend to be sympathicotonic on phonation. 
Chlorpromazine is a useful drug in the control of nervous tension. 


HARA 


Mixed Tumors of the Parotid Gland. Postoperative Course and Histological 
Aspects 


Pennetta, G.: Bollettino malattie orecchio naso zola 75:644-663 (Nov.-Dec.) 
1957 


The author reviesw the accepted point of view regarding the 
biological behavior of these tumors as well as the various morpholog- 
ical classifications. The histological examination can give information 
about the structure of the tumor and can reveal signs of malignancy, 
but it cannot give any information about the future course of the 
disease. The author describes the hystological findings of 60 cases 
of mixed tumors operated upon during the past ten years. He states 
that the findings of these slides are those usual for mixed tumors. 
Pearl formations and groups of spinous cells of the epidermoid type 
containing cellular protoplasm are rare findings. No valid conclusions 
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can be offered which will contribute to solve the problem of the gene- 
sis of mixed tumors. The genetic hypotheses of several authors are 
discussed. The subjective symptomatology in all cases has been very 
mild, even in cases of mixed tumors of the soft palate; there is usually 
no difficulty in chewing, phonation or salivary secretion. Forty-eight 
per cent of these tumors were first noticed between the ages of 41 
and 60. From the histological picture it is not possible to predict the 
likelihood of recurrences. Malignant changes were seen in 17 per cent 
of the patients. The author concludes that considering the modern 
surgical approaches and because of the high percentage of recurrences 
it is advisable to treat these tumors with radical surgery. 


DEGASPARI 








Books Received 


Nordisk Laerebog I Oto-Rhino-Laryngologi (Scandinavian Textbook of Oto- 
Rhino-Laryngology) 


Edited by: Nylén, C. O., Andersen, H. C., Leegaard, Truls, and Siirala, Urpo 
482 pp., 275 figures and § color-plates. Copenhagen, Ejnar Munksgaard Ltd., 
Price: Dan. Cr. 78.00. 


Streptomycin and Dihydrostreptomycin 


By Louis Weinstein, Ph.D., M.D., Professor of Medicine, Tufts University Schoo! 
of Medicine; Lecturer on Infectious Disease, Harvard Medical School; Chief of 
the Infectious Disease Service and Senior Physician, Medical Service, New Eng 
land Center Hospital, Boston, Massachusetts; and N. Joel Ehrenkranz, M.D.., 
Assistant Professor of Medicine, University of Miami School of Medicine; Chief 
of the Infectious Diseases Section, Jackson Memorial Hospital, Miami, Florida. 
Pp. xi & 116, 13 figures and 7 tables. Under editorial direcation of Henry 
Welch, Ph.D. and Felix Marti-lbanez, M.D. Antibiotics Monographs 10, 
New York, Medical Encyclopedia, Inc., 1958. (Price $4.00) 


This is a very clear, concise and up-to-date review of the avail- 
able information regarding streptomycin and dihydrostreptomycin. 
The material is presented in a brief but informative manner while, 
for those who desire further data, a very complete bibliography is 


included. 


This monograph will be of particular value to those otolaryngol- 
ogists who are interested in the action of these drugs upon Gram- 
negative bacilli found in the ear and upper respiratory tract and to 
those who are concerned about the untoward reactions observed in 


the cochlea and vestibule. 








Notices 


AMERICAN LARYNGOLOGICAL ASSOCIATION 


Copies of the Transactions of the American Laryngological Asso- 
ciation are available for general distribution at $8.00 a copy. Please 
send request with check to Dr. James H. Maxwell, Editor, Transac- 
tions, Out-Patient Bldg., University Hospital, Ann Arbor, Mich. 


AMERICAN ASSOCIATION FOR CLEFT PALATE 
REHABILITATION 


The American Association for Cleft Palate Rehabilitation will 
hold its 17th Annual Convention at the Sheraton Hotel in Phila- 
delphia on Thursday, Friday and Saturday, April 30, May 1 and 2, 
1959. 


This Association is composed of medical, dental and paramedical 
specialists interested in the subject. 


INTERNATIONAL CONFERENCE ON 
COMMUNICATIONS AND LANGUAGES 


Organized by the Department of Otolaryngology of the Faculty 
of Medicine of Paris, the French Society of Phoniatry, the Department 
of Neurophysiology of the College of France, the Acoustical Physiol- 
ogy Laboratory, the Research Study Centre of Aviation Medicine and 
the Compagnie Francaise d’Audiologie, a Conference on Communica- 
tions and Languages was held on January 22-25 at the new Faculty of 
Medicine in Paris, under the presidency of Professor Maurice Aubry. 
Professor Aubry is the head of the Department of Otolaryngology, 
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and the President of the forthcoming Seventh International Congress 
of Otolaryngology which will take place in Paris in 1961. 


Some of the subjects discussed were the Physical, Mathematical 
and Philosophical Aspects of Language, Physiology of Language, Ani- 
mal Signals and Human Languages, the Statistics of Vocabulary, 
Intelligibility and kindred matters. 


THE INTERNATIONAL ASSOCIATION OF 
LOGOPEDICS & PHONIATRICS 


It has been announced that those unable to attend the Congress, 
but who would like to secure a copy of the Report of the Proceedings, 
can obtain it at the reduced rate of seventeen shillings and sixpence 
(17/6d.) by ordering in advance, enclosing payment, from the Secre- 
tary before August, 1959. Secretary’s address: Peggy Carter, L.C. 
S.T., 46, Canonbury Square, London, N.1. 


PAN-PACIFIC SURGICAL ASSOCIATION 


The Eighth Congress of the Pan-Pacific Surgical Association 
will be held in Honolulu, Hawaii, September 28 through October 
5 in 1960. 


All members of the profession are cordially invited to attend 
and are urged to make arrangements as soon as possible if they wish 
to be assured of adequate facilities. 


An outstanding scientific program by leading surgeons promises 
to be of interest to all doctors. Nine surgical specialty sections are 


held simultaneously. 


Further information and brochures may be obtained by writing 
to Dr. F. J. Pinkerton, Director General of the Pan-Pacific Surgical 
Association, Suite 230, Alexander Young Building, Honolulu 13, 
Hawaii. 
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UNIVERSITY OF BORDEAUX 


A practical course of surgical techniques in otological functional 
micro-surgery, conducted by Michel Portmann, will be given from 
July ist to July 10th, 1959, in English. 


During this period every assistant attending the course will be 
enabled to watch surgical interventions in the theatre, to follow 
theoretical courses illustrated with films regarding the major tech- 
niques, and to work on his own daily anatomical specimen with all 
the requisite material, including the binocular microscope. 


Fees: 100 francs (to be paid at the Faculty of Medicine in Bor- 
deaux at the beginning of the course). 


Applications should be sent to Dr. Michel Portmann, 45 Cours 
Foch, Bordeaux, France. 


GERMAN SOCIETY MEETS 
The German Society for Nose and Throat doctors will meet in 
Bad Godesberg, May 10-14, 1959, under the chairmanship of Dr. 
F, Zéllner, Freiburg. The theme will be Nasopharyngeal Tumors, 


and Functional and Psychogenic Diseases of the Nose, Throat and Ear. 


Prof. Meyer zum Gottesberge, Secretary 


AERO MEDICAL ASSOCIATION 


The 30th Annual Meeting of the Aero Medical Association will 
be held at the Statler Hotel, Los Angeles, California, April 27-29, 
1959. Charles I. Barron, M.D., Lockheed Aircraft Corporation, will 
be the General Chairman. 
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AMERICAL MEDICAL ASSOCIATION 


SECTION ON LARYNGOLOGY, OTOLOGY AND RHINOLOGY 


108th Annual Meeting, Atlantic City, June 8-12, 1959 


PROGRAM 


(Each paper, except those of the Guest of Honor and Chairman, 
will be followed by an open discussion period; questions and com- 
ments from the floor are encouraged.) 


TuEspay, JUNE 9 - 2 P.M. 


Prof. Dr. H. H. Naumann, Wiirzburg, Germany 


Intravital Observations of the Nasal Mucous Membrane (Film) 


George M. Coates, M.D., Philadelphia, Pa. 
Address of Guest of Honor 


Gordon D. Hoople, M.D., Syracuse, N.Y. 


Modern Otolaryngology 


F. W. Davison, M.D., Danville, Pa. 


Laryngeal Obstruction in Children 


Ben T. Withers, M.D., Houston, Texas 
Facility in T&A Management: Conclusions from 2400 Consecu- 
tive Cases 
Joseph H. Ogura, M.D., St. Louis, Mo. 
Cancer of the Pharynx, Larynx and Upper Esophagus; Surgical 
Aspects 
Business Meeting: 
Report of Section Delegate to AMA House of Delegates— 


Gordon F. Harkness, M.D., Davenport, lowa 
Dean M. Lierle, M.D., Iowa City, Iowa, Alternate 
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Report of Section Representatives to Board of Governors of 
American College of Surgeons— 


Roderick Macdonald, M.D., Rock Hill, $.C. 
Edley H. Jones, M.D., Vicksburg, Miss. 
John J. Conley, M.D., New York, N.Y. 


Report of Nominating Committee— 


F. W. Davison, M.D., Danville, Pa. 
Louis E. Silcox, M.D., Philadelphia, Pa. 
John D. Singleton, M.D., Dallas, Texas 


WEDNESDAY, JUNE 10 - 2 P.M. 


J. W. Hampsey, M.D., Pittsburgh, Pa. 


Current Concepts of Etiology and Management in Otolaryngic 
Allergy 


Victor R. Alfaro, M.D., Washington, D.C. 


Address of Section Chairman 


Henry S. Kaplan, M.D., San Francisco, Calif. 


New Horizons in the Radiotherapy of Malignant Diseases 


John A. Kirchner, New Haven, Conn. 
Facial Bone Injuries 
M. R. Himalstein, M.D., Bay Pines, Fla. 


Obliterative Frontal Sinus Surgery Using Gelfoam 


J. M. David, M.D., New York, N.Y. 


Malignant Melanoma of the Nose and Paranasal Sinuses, and 
Juvenile Melanoma of the Nose 


WEDNESDAY EVENING, JUNE 10 - 6:30 P.M. 


Social Hour and Dinner Honoring the Guest of Honor of the Section, 
Dr. George M. Coates 
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THurspay, JUNE Il - 2 P.M. 


Joseph L. Goldman, M.D. and Harry Rosenwasser, M.D., New York, 
N.Y. 


Current Concepts of the Management of Otitic Infections 


Merle Lawrence, Ph.D., Ann Arbor, Mich. 


Ear Physiology 


Edward W. Harris, M.D., Columbus, Ohio 


Symptoms Referable to the Eustachian Tube 


George Kelemen, M.D., Boston, Mass. 


Maternal Diabetes and Congenital Deafness 


Joseph Sataloff, M.D., Philadelphia, Pa. 


Stapes Mobilization with Long-Standing Otosclerosis 


Howard P. House, M.D., Los Angeles, Calif. 


Polyethylene in Middle Ear Surgery 


THE GOULD AWARD 


The International Committee for the Gould Award announces 
the selection of the recipient for the year 1958: Professor Fumio 
Nakamura, M.D., Kyoto Prefectural Medical College, Kyoto, Japan, 
for his electrophysiological studies of laryngeal function. 


The International Committee for the Gould Award for 1959 
will consist of Sir Victor Negus, 149 Harley St., London, W. 7; Pro- 
fessor Cotoji Satta, No. 111 Morikawa-cho, Bunkyo-ku, Tokyo; and 
Hans von Leden, M.D., Medical Director, The William and Harriet 
Gould Foundation, 30 Norch Michigan Avenue, Chicago 2, Illinois. 
The amount of the Award has been increased to $300.00. 
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MOUNT SINAI HOSPITAL 


An intensive Course in Rhinoplasty, Reconstructive Surgery of 
the Nasal Septum and Otoplasty will be given July 11, 1959 to July 
24, 1959 by Dr. Irving B. Goldman and staff at Mount Sinai Hospital 
in afhliation with Columbia University. 


Candidates for the Course should apply to the Registrar for 
Postgraduate Medical Instruction, The Mount Sinai Hospital, 5th 
Avenue and 100th Street, New York 29, New York. 


AMERICAN SOCIETY OF FACIAL PLASTIC SURGERY 


The next meeting of the American Society of Facial Plastic Sur- 
gery will take place on July 15, 1959, in New York. 


NEW YORK EYE AND EAR INFIRMARY 


The Annual Spring Meeting of the Alumni Association of the 
New York Eye and Ear Infirmary will take place April 20-22. 1959, 
at the Infirmary. 


Symposia will be offered on Headache; Allergy and Immunology 
in Otolaryngology; Diagnosis and Treatment of Laryngeal Condi- 
tions; Hearing Rehabilitation; and Rhinoplasty. In addition, there 
will be a closed circuit television demonstration of Head and Neck 


Surgery. 


Additional information may be obtained by writing to Dr. John 
R. Finlay, Secretary, Alumni Association, 218 Second Avenue, New 


York 3, N.Y. 





Be laa a 
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PACIFIC COAST 
OTO-OPHTHALMOLOGICAL SOCIETY 


The annual meeting of the Pacific Coast Oto-Ophthalmological 
Society is to be held May 3-7, 1959, at the Hotel Riveria, Las Vegas, 
Nevada. Guests speakers will include: R. R. Newell, M.D., William 
P. Mikkelsen, M.D., James F. Crow, Ph.D., Stuart C. Cullen, M.D., 
George E. Shambaugh, Jr., M.D., Sidney Riegelman, Ph.D., Lawrence 
R. Boies, M.D., Dean M. Lierle, M.D., A. Edward Maumenee, M.D., 
John W. Henderson, M.D., and Digby Leigh, M.D. 


For details please communicate with Homer E. Smith, M.D., 686 
Twelfth Avenue, Salt Lake City 3, Utah. 


The ANNALS wishes to repurchase copies of the March 1955 and 
the March 1957 issues, which are out of print, at two dollars a copy. 


These should be delivered to Manager of the ANNats, P. O. Box 


1345, Central Station, St. Louis 88, Mo. 








OFFICERS 


OF THE 


NATIONAL AND INTERNATIONAL 


OTOLARYNGOLOGICAL SOCIETIES 


AMERICAN ACADEMY OF OPHTHALMOLOGY AND OTOLARYNGOLOGY 


President: Dr. LeRoy A. Schall, Boston 
Executive Secretary: Dr. William L. Benedict, Mayo Clinic, Rochester, Minn. 


AMERICAN BOARD OF OTOLARYNGOLOGY 


President: Dr. Gordon D. Hoople, Syracuse, N.Y. 
Secretary: Dr. Dean M. Lierle, University Hospital, lowa City, lowa 


AMERICAN BRONCHO-ESOPHAGOLOGICAL ASSOCIATION 


President: Francis W. Davison, M.D., Danville, Pennsylvania 
Secretary: F. Johnson Putney, M.D., 1712 Locust Street, Philadelphia 3, Pa 
Meeting: The Homestead, Hot Springs, Va., March 10 and 11, 1959 


AMERICAN LARYNGOLOGICAL ASSOCIATION 


President: Fred W. Dixon, M.D., Cleveland, Ohio 
Secretary: James H. Maxwell, M.D., Ann Arbor, Mich. 
Meeting: The Homestead, Hot Springs, Va., March 8 and 9, 1959 


AMERICAN LARYNGOLOGICAL, RHINOLOGICAL AND OTOLOGICAI 
Society, INc. 


President: Dr. Gordon D. Hoople, Syracuse, N.Y. 
Secretary: Dr. C. Stewart Nash, 708 Medical Arts Bldg., Rochester, N.Y 
Meeting: The Homestead, Hot Springs, Va., March 10, 11, 12, 1959 


AMERICAN MEDICAL ASSOCIATION, SECTION ON LARYNGOLOGY, 
OTOLOGY AND RHINOLOGY 


Chairman: Victor R. Alfaro, M.D., Washington, D.C. 
Secretary: Walter E. Heck, M.D., San Francisco, Calif. 
Meeting: Atlantic City, June 8-12, 1959 
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AMERICAN Oro! OGICAI Soc IETY 
President: Moses M. Lurie, M.D., Boston, Mass. 


Secretary-Treasurer: Lawrence R. Boies, M.D., University of Minnesota Hos- 
pitals, Minneapolis 14, Minnesota 


Mecting: The Homestead, Hot Springs, Va., March 13 and 14, 1959 


THE AMERICAN SOCIETY OF OPHTHALMOLOGIC AND OTOLARYNGO- 
LOGIC ALLERGY 
President: Joseph W. Hampsey, M.D., Grant Bldg., Pittsburgh 19, Pa. 


Secretary-Treasurer: Daniel S$. DeStio, M.D., 121 S. Highland Ave., Pittsburgh 
6, Pa. 


PaciFic Coast OTO-OPHTHALMOLOGICAL SOCIETY 


President: H. Leroy Goss, M.D., 620 Cobb Building, Seattle 1, Wash. 


Secretary-Treasurer: Homer E. Smith, M.D., 508 East South Temple, Salt Lake 
City, Utah 


THE Society OF MILITARY OTOLARYNGOLOGISTS 


President: Lt. Colonel Stanley H. Bear, USAF (MC) 
Secretary-Treasurer: Captain Maurice Schiff, MC, USN, U. S. Naval Hospital, 
Oakland, California 


CANADIAN OTOLARYNGOLOGICAL SOCIETY 


1 


President: Dr. G. Arnold Henry, 170 St. George St., Toronto, Ontario 

Secretary: Dr. Donald M. MacRae, 324 Spring Garden Road, Halifax, Nova 
Scotia 

Meeting: Sheraton-Brock Hotel, Niagara Falls, Ontario, October 9 and 10, 1959 


MEXICAN SOCIETY OF OTOLARYNGOLOG) 


President: Dr. Rafael Giorgana 


Secretary: Dr. Carlos Valenzuela, Monterrey 47 Mexico 7, D.F. 


PAN-AMERICAN ASSOCIATION OF O1To-RHINO-LARYNGOLOGY AND 
BRONCHO-EsSOPHAGOLOGY 


President: Dr. Jose Gros, Havana 
Secretary: Dr. Chevalier L. Jackson, 3401 N. Broad St., Philadelphia 40, Pa. 


INTERNATIONAL BRONCHOESOPHAGOLOGICAL SOCIETY 


President: Dr. Jo Ono, Tokyo 
Secretary: Dr. Chevalier L. Jackson, 3401 N. Broad St., Philadelphia 40, Pa. 








